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@ Semiconductor laser device. 

(§) A semiconductor laser device includes a 
base, a semiconductor laser chip and a resin 
iayer enclosing the laser chip. The base may 
have a monitor photodiode mounted thereon in 
the vicinity of the laser chip. The resin layer 
enclosing the laser chip or botfi of the laser chip 
and the monitor diode chip is made of a single 
synthetic resin having a thickness not greater 
than SOOpjm and also having a surface substan- 
tially parallel to an outwardly oriented beam 
emitting end face of tiie laser chip. 
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BACKGROUND OF THE INVENTION 

(Field of the Invention) 

The present invention relates to a laser device 
which may be employed as a light source in an optical 
pick-up device, optical transmission, an optical disc 
system or any other optical measuring system. 

(Description of the Prior Art) 

Various types of semiconductor laser devices 
have hitherto been employed. A so-called unit-type 
such as shown in Figs. 43 and 44 is also well known 
in the art. Figs. 43 and 44 Illustrate the prior art unit- 
type in a center longitudinal sectional view and a per- 
spective view with a protective resin layer removed. 

The prior art laser device shown in Figs. 43 and 
44 comprises a substrate 362 made of aluminum and 
having one surface plated with nickel or gold. The 
substrate 362 includes a sub-mount 363 fixedly 
mounted on the plated surface of the substrate by 
means of a bonding material such as Indium, The sub- 
mount 362 is substantially rectangular in shape and 
made of silicon, having an outer surface thereof 
formed with aluminum wiring 365 and 366. The alu- 
minum wiring 365 is used to supply an electric power 
to a laser diode chip 369 through a silicon dioxide film 
364, whereas the aluminum wiring 366 is used to draw 
from the sub-mount 363 an electric current produced 
in the sub-mount 63 as a result of operation of a mon- 
itor element 367 as will be discussed later. 

The aluminum wiring 365 formed on a central re- 
gion of the sub-mount 363 forms a bonding surface 
onto which the laser dk>de chip 369 is bonded by 
means of a deposit of electroconductive brazing ma- 
terial. The laser diode chip 369 has two laser beam 
emitting end faces 396a and 369b opposite to each 
other and is mounted on the sub-mount 363 with the 
laser beam emitting faces 396a and 396b oriented 
outwardly and inwardly, respectively. A portion of a 
central region of the outer surface of the sub-mount 
363 which is adjacent to the inwardly oriented laser 
beam emitting end 369b of the laser diode chip 369 
is integrally fabricated with the monitor element 367. 
This monitor element 367 Is comprised of a photo-di- 
ode element formed by diffusing P-type impurities 
from the outer surface of the sub-mount 369 to form 
a PN junction and is electrically connected with the 
aluminum wiring 366. 

The aluminum wiring 365 and 366 are wire- 
bonded to respective leads 371a and 371b, formed 
on a flexible circuit 71 connected with the substrate 
362, through wires W1 and W2. The laser diode chip 
369 has a negative pole wire-bonded by means of a 
wire W4 to a pad 368 internally conducted with the 
sub-mound 363 through an window perforated in the 
silicon dioxide film 364 so that the negative pole of 



the laser diode chip 369 is held In electrically connect- 
ed relationship with the substrate 362. 

The substrate 362 is in turn wire-bonded by 
means of a wire W3 with a lead 371c of the flexible 
5 circuit 371. 

The laser diode chip 369 is overlaid by a trans- 
parent resin 372 which not only covers the outwardly 
oriented laser beam emitting end face 369a of the las- 
er diode chip 369, but extends inwardly of the laser di- 
10 ode chip 369 so as to form a solid waveguide 472a 
communicating between the inwardly oriented laser 
beam emitting end face 369b and the monitor ele- 
ment 367. 

The transparent resin 372 is employed in the 
16 form of an epoxy rein or a silicone resin which has 
been deposited on the laser diode chip 369 while It is 
in a fluid state. The fluid resin which eventually forms 
the transparent resin 372, when applied to the out- 
wardly oriented laser beam emitting end face 396a, 

20 forms a flat surface film by the effect of a surface ten- 
sion. When this fluid resin so applied is hardened or 
cured, the flat surface film of the resin is cured while 
retaining the flat shape so as to forme a flat emission 
surface when cured. 

25 The assembly including the sub-mount 363. hav- 

ing the laser diode chip 369 and the monitor element 
367 bonded thereon, an end portion of thef lexible cir- 
cuit 71 and the wires W1 to S4 is covered by a pro- 
tective resin layer 373. 

30 It has, however, been found that the prior art laser 

device shown in Figs. 43 and 44 has the following 
problems. In the first place, the thickness of the trans- 
parent resin 372 covering the outwardly oriented laser 
beam emitting end face 396a of the laser diode chip 

35 369 cannot be specifically defined. The greater is the 
thickness of the transparent resin 372, the more often 
is the laser emission characteristic disturbed due to 
a multiplex reflection of light between the outwardly 
oriented laser beam emitting end face 369a and the 

40 surface of the transparent resin 372. Therefore, the 
prior art laser device cannot be satisfactorily be used 
as a light source in an optical disc recording and/orre- 
produclng system. 

Fig. 45 illustrates the laser emission characteris- 

45 tic exhibited when the thickness of the transparent 
resin 372 (hereinafter referred to as the resin thick- 
ness) covering the outwardly oriented laser beam 
emitting end face 369a of the laser diode chip 369 is 
1,000^m. As shown in the graph of Fig. 45, because 

50 of the multiplex reflection taking place between the 
outwardly oriented laser beam emitting end face 
369a and the surface of the transparent resin 372, the 
laser beam fails to show a single peak characteristic 
and, therefore, the prior art laser device shown there- 

55 in cannot be used as a light source in an optical disc 
recording and/or reproducing system. It is to be noted 
that in the graph of Fig. 45 a curve e|| represents a pat- 
tern of distribution of the laser beam in a horizontal 
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direction relative to an active layer and a curve e± 
represents that in a vertical direction relative to the 
active layer. 

Secondly, in the event that the transparent resin 
372 is not properly coated so as to render the surface s 
thereof to be parallel to the outwardly oriented laser 
beam emitting end face 369a» another problem arises 
in that due to a lens effect an optical axis tends to 
deviate. Fig. 46 illustrates the laser emission charac- 
teristic which has been exhibited when the surface of io 
the transparent resin 372 fai Is to be parallel to the out- 
wardly oriented laser beam emitting end face 369a. 
As can readily be understood from the graph of Fig. 
46, the optical axis has deviated considerably and, 
therefore, the prior art laser device cannot be used as 16 
a light source in an optical disc recording and/or re- 
producing system. 

Also, when the resin thickness attains a value ex- 
ceeding SOO^m when the outwardly laser beam emit- 
ting end face 369a of the laser diode chip 369 is cov- 20 
ered by the transparent resin 372, it can be contem- 
plated to use two coating resins of dissimilar quality 
as material for the transparent resin 372 for the pur- 
pose of lessening a stress setup. However, even the 
use of the two coating resins to form the transparent 25 
resin 372 may result in a multiplex reflection of beam 
at an interface between each coating resin and the 
outwardly oriented laser beam emitting end face 
369a, making it impossible for the laser device to be 
used as a light source in the optical disc recording 30 
and/or reproducing system. 

The semiconductor laser device currently placed 
on the market is generally of such a structure as 
shown in Fig. 47 in a perspective view with a portion 
broken away. Referring to Fig. 47, the prior art sem- 35 
{conductor laser device comprises a stem 303 having 
a heat sink 304 mounted thereon. The heat sink 304 
carries a semiconductor laser chip 301 mounted 
thereon and electrically connected with a terminal 
lead by means of a wire 307. The stem 303 also has 40 
a monitor photodiode chip 302 mounted thereon and 
electrically connected with a terminal lead 306 
through a wire 308. The semiconductor laser chip 301 
and the monitor photodiode chip 302 both mounted on 
the stem 303 are substantially hemispherically sealed 45 
by a cap 310 having a beam exit glass window 309 
formed therein. 

In the prior art semiconductor laser device of the 
structure shown In Fig. 47, since the stem 303 and 
the cap 310 are component parts separate from each so 
other and expensive, not only is assembly complicat- 
ed and time-consuming, but reduction in size of the 
semiconductor laser device is difficult to achieve. 

In view of the above, a further prior art semicon- 
ductor laser device shown in Figs. 48 and 49 has been 55 
suggested. Fig. 48 illustrates a plan view of a carrier 
strip during the manufacture of semiconductor laser 
chips and Fig. 49 illustrates a cross-sectional view of 



a single semiconductor laser chip taken along the line 
A-A in Fig. 49. 

As shown in Fig. 48, an insert-type lead frame 
313 (in which a lead frame and retainer members are 
integrated together) has a plurality of leads 314 each 
having a semiconductor laser chip 311 mounted 
thereon. A monitor photodiode chip 312 is in turn 
mounted on an inner side of each semiconductor las- 
er chip 311 which is covered by a resin layer 315. 

Two parallel leads 316 and 317 extending parallel 
to and on respective side of each lead 314 and are re- 
tained in position by the respective lead 314 by 
means of an associated retaining member 318. Each 
semiconductor laser chip 311 and the associated 
monitor photodiode chip 312 are connected with the 
leads 31 6 and 317 by means of respective wires 319 
and 320. By cutting root portions of the leads 314 
from the lead frame 313, a corresponding number of 
semiconductor laser devices can be obtained. 

According to the prior art semiconductor laser de- 
vice shown in Figs. 48 and 49, since the semiconduc- 
tor laser chip 311 is covered by the resin layer 31 5, the 
use of the cap 310 such as used in the semiconductor 
laser device of Fig. 47 can be advantageously dis- 
pensed with. In addition, since the individual semi- 
conductor laser chips 311 are formed on the insert-ty- 
pe lead frame 313, not only can the process of man- 
ufacture of the semiconductor laser devices be sim- 
plified, but the semiconductor laser devices which are 
Inexpensive and compact in size can also be realized. 

However, since each of the semiconductor laser 
device shown in Figs. 48 and 49 is of a structure 
wherein the semiconductor laser chip 311, the moni- 
tor photodiode chip 312 and the wires 319 and 320 are 
covered by the resin layer or exposed bare to the out- 
side, there is a problem in that the semiconductor las- 
erdevice is susceptible to external force and requires 
an utmost care in handling. 

As a further prior art semiconductor laser device, 
a metal package type is also available as shown in 
Fig. 50. The metal package type shown therein com- 
prises a stem base 321, a stem 322 mounted on the 
stem base 321, a semiconductor laser chip 323 
mounted on a lateral surface 322a of the stem 322, a 
monitor photodiode chip 324 mounted on the lateral 
surface 322a of the stem 322 at a location spaced 
from the semiconductor laser chip 323. and a detector 
photodiode chip 325 mounted on an upper surface 
322b of the stem 322. The stem base 321 has a metal 
cap 326 mounted fixedly thereon so as to enclose the 
stem 322, said metal cap 326 having a glass window 
330 formed on a top face of the metal cap 326. A glass 
block 327 having an upper surface formed with a ho- 
logram 327a Is mounted atop the metal cap 326 so as 
to cover the glass window 330. 

When the semiconductor laser device shown in 
Fig. 50 is in use, a first laser beam is emitted from the 
semiconductor laser chip 323 towards the monitor 
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photodiode chip 324 and a second laser beam to- 
wards the glass window 330 in the metal cap 326. The 
second laser beam then pass through the glass win- 
dow 330 and, also, the glass block 327 and emerges 
outwardly from the hologram 327a. The second laser 5 
beam emerging outwardly from the hologram 327a Is, 
after having been reflected from an information car- 
rier medium (not shown) such as, for example, an opt- 
ical disc, incident upon the hologram 327a. The re- 
flected second laser beam incident on the hologram io 
327a is diffracted by the hologram 327a so as to be 
incident on the detector photodiode chip 325. 

In the priorart semiconductor laser device shown 
In Fig. 50, since the surface of the semiconductor las- 
er chip 323 tends to be adversely affected by a mois- is 
ture component contained in the atmosphere, accom- 
panied by a reduction in laser emission characteristic, 
an inert gas is filled within the interior of the metal cap 
326. Accordingly, not only because the semiconduc- 
tor laser device shown in Fig. 50 requires the employ- 20 
ment of an expensive inert gas and the expensive 
metal cap 326 having the glass window 330, but also 
because the filling of the inert gas and the fitting of 
the glass window 330 in the metal cap 326 require 
complicated assembling procedures, the semicon- 25 
ductor laser device as a whole tends to become cost- 
ly- 



SUMMARY OF THE INVENTION 



30 



The present invention has for its object to provide 
an improved semiconductor laser device which can 
be effectively and satisfactorily be used as a light 
source in an optical disc recording and/or reproducing 
apparatus with no loss of a single peak in a laser 35 
beam emission characteristic and also with no devia- 
tion of an optical axis. 

Another object of the present invention is to pro- 
vide an Improved semiconductor laser device which 
is. effective to sufficiently protect the semiconductor 4o 
laser chip, the monitor photodiode chip and wires 
electrically connecting them with respective conduc- 
tors and which can be easily manufactured in a com- 
pact size and at a reduced cost. 

A further object of the present invention is to pro- 45 
vide an Improved semiconductor laser device wherein 
the semiconductor laser chip Is covered by the resin 
layer to render the device as a whole to exhibit a sat- 
isfectory environmental stability. 

According to one aspect of the present invention. so 
a semiconductor laser device including a base, asem- 
Iconductor laser chip and a resin layer enclosing the 
laser chip. The resin layer is made of a single synthet- 
ic resin and covers an outwardly oriented beam emit- 
ting end face of the laser chip. Also, the resin layer ss 
has a thickness not greater than 500^m and has a 
surface substantially parallel to the outwardly orient- 
ed beam emitting end face of the laser chip. 



Thus, a laser beam Is emitted from the outwardly 
oriented beam emitting end face of the semiconduc- 
tor laser chip mounted on the base and covered by the 
resin layer made of a single synthetic resin. In addi- 
tion, the resin layer covering the outwardly oriented 
beam emitting end fece of the laser chip has a thick- 
ness not greater than 500|im and, therefore, the laser 
beam emitted from the laser chip will not be adverse- 
ly affected by a multiple reflection, permitting the 
beam emission characteristic to exhibit a single peak. 

Also, a surface of the resin layer covering the out- 
wardly oriented beam emitting end face of the laser 
chip lie parallel relative to the outwardly oriented 
beam emitting end face of the laser chip and, accord- 
ingly, no lens effect will occur relative to the laser 
beam emitted from the laser chip and, consequently, 
no optical axis deviate in the beam emission charac- 
teristic. 

Preferably, the base may be a stem, and the sem- 
iconductor laser device may further comprise a mon- 
itor photodiode chip mounted on the stem at a posi- 
tion inwardly of the laser chip. In this arrangement, 
laser beams are emitted from the outwardly and in- 
wardly oriented beam emitting end faces, respective- 
ly, of the laser chip mounted on the stem and covered 
by the resin layer made of the single synthetic resin. 
The use of the monitor photodiode mounted on the 
stem at a location inwardly of the laser chip is effec- 
tive to monitor the power of the laser beam as the las- 
er beam emitted from the Inwardly oriented beam 
emitting end face of the laser chip is incident on the 
monitor photodiode chip. 

In addition, since as hereinabove described the 
resin layer covering the outwardly oriented beam 
emitting end face of the laser chip has a thickness not 
greater than SOOfim and also has a surface lying par- 
allel to the outwardly oriented beam emitting end face 
of the laser chip, the laser beam emitted outwardly 
from the outwardly oriented beam emitting end face 
of the laser chip exhibits a beam emission character- 
istic with no single peak lost and with no deviation in 
optical axis. 

Alternatively, the base may be a lead frame and 
the laser chip may be mounted on one of leads of the 
lead frame through a sub-mount In such case, the 
semiconductor laser device may further comprises a 
monitor photodiode mounted on the one of the leads 
at a position inwardly of the laser chip, so that a di- 
rection in which a light receiving surface of the mon- 
itor photodiode extends lies substantially perpendic- 
ular to an Inwardly oriented beam emitting end face 
of the laser chip. 

In this arrangement, the laser beam emitted from 
the outwardly oriented beam emitting end face of the 
laser chip mounted on the lead of the lead frame 
through the sub-mount and covered by the resin layer 
made of the single synthetic resin can exhibits a 
beam emission characteristic in which no single peak 
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is lost and no optical axis deviates, since the resin lay- 
er covering the outwardiy oriented beam ennitting end 
face of tiie iaser chip has a thickness not greater than 
SOO^nn and also has a surface iying parailei to the out- 
wardiy oriented beam emitting end face of the iaser 5 
chip. 

On the other hand, the laser beam emitted from 
the inwardly oriented beam emitting end face of the 
laser chip can advantageously be monitored by the 
monitor photodiode mounted on the lead at the posi- io 
tion inwardly of the laser chip. 

Also alternatively, the base may be a lead frame, 
a portion of one of leads of the lead frame which is 
positioned inwardly of the laser chip is inclined so as 
to confront an inwardly oriented beam emitting end is 
face of the laser chip. In such case, the monitor pho- 
todiode is mounted in the inclined portion of the one 
of the leads of the lead frame. 

According to this alternative arrangement, the 
laser beam emitted from the outwardly oriented beam 20 
emitting end face of the laser chip mounted on the 
lead of the lead frame through the sub-mount and 
covered by the resin layer made of the single synthet- 
ic resin and having a thickness not greater than 
SOO^m and also has a surface lying parallel to the out- 25 
wardly oriented beam emitting end face of the laser 
chip, can exhibits a beam emission characteristic in 
which no single peak is lost and no optical axis devi- 
ates. 

Also, the laser beam from the inwardly oriented 30 
beam emitting end face of the iaser chip can advan- 
tageously be monitored by the monitor photodiode 
which is mounted on the lead at the location inwardly 
of the laser chip with its light receiving surface in- 
clined so as to confront the inwardly oriented beam 35 
emitting end face of the iaser chip since the laser 
beam efficiently and effectively impinge upon the 
light receiving surface of the monitor photodiode. 

Again alternatively, the base may be a lead 
frame, a portion of one of leads of the lead frame 40 
which is positioned inwardly of the laser chip being in- 
wardly recessed and. In such case, the monitor pho- 
todiode Is mounted in the recessed portion in the one 
of the leads of the lead frame so that a direction in 
which a light receiving surface of the monitor photo- 4S 
diode extends lies substantially perpendicular to an 
Inwardly oriented beam emitting end face of the iaser 
chip. 

Where the monitor photodiode is mounted in the 
recess, since the outwardly oriented beam emitting so 
end face of the laser chip is covered by the resin layer 
which is made of the single synthetic resin, has a 
thickness not greater than SOO^im and also has a sur- 
face lying parallel to the outwardly oriented beam 
emitting end face of the laser chip, the laser beam 55 
emitted from the outwardiy oriented beam emitting 
end face of the laser chip mounted on the lead of the 
lead frame through the sub-mount and covered by the 



resin layer made of the single synthetic resin and hav- 
ing a thickness not greater than SOOfim and also has 
a surface lying parailei to the outwardly oriented 
beam emitting end face of the laser chip, can exhibits 
a beam emission characteristic in which no single 
peak is lost and no optical axis deviates. 

Also, the power of the laser beam emitted from 
the inwardly oriented beam emitting end face of the 
iaser chip can effectively impinge on the light receiv- 
ing surface of the monitor photodiode mounted in the 
recess in the lead at a location inwardly of the laser 
chip Is effectively monitored by the monitor photo- 
diode. 

According to a second aspect of the present in- 
vention, there is provided a semiconductor laser de- 
vice including a base, a semiconductor laser chip and 
a resin layer enclosing the laser chip, in this device, 
a mount face where the iaser chip is nrK>unted is de- 
fined at a level higher than that of a light receiving sur- 
face of a nrK>nitor photodiode for receiving a iaser 
beam emitted from a rear face of the laser diode chip. 
Both of the laser diode chip and monitor photodiode 
are mounted on the base so that the light receiving 
surface and a direction of emission of the laser beam 
from a rear beam emitting end face of the laser diode 
chip lie substantially perpendicular to each other. 

Preferably, a reference index may be provided on 
the base for die-bonding the laser diode chip at a pre- 
determined posit bn, and/or the resin layer enclosing 
the laser diode chip may have a resin thickness not 
smaller than 10^m. 

With the semiconductor laser device according to 
the second aspect of the present invention, not only 
can the efficiency of incidence of the laser beam upon 
the monitor photodiode be increased, but also the las- 
er unit can be made compact in side. Also, the use of 
the reference Index facilitates a productivity and also 
Increases the accuracy of die-bonding. If the resin 
layer enclosing the laser diode chip has a resin thick- 
ness not smaller than 10)xm, the semiconductor laser 
device can effectively protected from any adverse ef- 
fect brought about by ambient humidity. 

According to a third aspect of the present inven- 
tion, there is provided a semiconductor laser device 
comprising a base; a semiconductor laser chip mount- 
ed on the base; a resin layer enclosing the laser chip; 
a monitor photodiode chip mounted on the base and 
adapted to receive a laser txeam emitted from the las- 
er chip; afirst wire for electrically connecting the iaser 
chip with a first conductor; and a second wire for elec- 
trically connecting the photodiode chip with a second 
conductor; and a protective member Integrally fitted 
to the base so as to enclose at least the laser chip, the 
photodiode chip and both of the first and second 
wires to thereby protect them from external forces. 

In the semiconductor laser device according to 
this third aspect of the present invention, since at 
least the laser chip, the photodiode chip adapted to 
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receive the laser beam emitted from tlie laser chip, 
the first wire used to electrically connect the laser 
chip with the first conductor and the second wire used 
to electricaiiy connect the monitor photodiode with 
the second conductor are enclosed by the protective 5 
member fitted integrally to the base on which the las- 
er chip and the photodiode chip are mounted and, 
therefore, they are protected from external forces. 

Preferably, the base may be one of leads of a lead 
frame and the protective member is a generally cyl- io 
indrical casing closed at one end by an end wail, the 
leads of the lead frame extending through the end 
wall of the casing. 

In this case, since the laser chip, the monitor pho- 
todiode chip, both mounted on the lead of the lead is 
frame which extends through an end wall into the in- 
terior of the cylindrical casing closed at one end by the 
end wall, and the first and second wires connected re- 
spectively with these chips are enclosed by the pro- 
tective member so as to be protected from external 20 
forces. 

Alternatively, the base, the first conductor and 
the second conductor may be constituted by the 
leads of the lead frame, respectively, and wherein the 
protective member is a generally cylindrical casing 25 
closed at one end by an end wall and having an inner 
peripheral surface formed with at least two grooves 
extending axially thereof, the protecth/e member be- 
ing integrally fitted to the leads with outermost two of 
the leads being received within the respective 30 
grooves. 

According to this alternative arrangement, when 
the cylindrical casing closed at one end by the end 
wall is to be mounted on the lead frame having one 
of the leads, on which the laser chip and the monitor 35 
photodiode, both covered by the resin layer, are 
mounted and the others of the leads electrically con- 
nected with the laser chip and the monitor photodiode 
by means of the respective first and second wires, the 
grooves formed in the inner peripheral surface of the 40 
protective casing so as to extend axially thereof serve 
as guides for the leads after the outermost leads on 
respective sides of said one of the leads have been 
received in the associated grooves. 

The protective member may of a closed structure 45 
having an aperture defined therein for passage there- 
through of a laser beam emitted from the laser chip 
so as to travel outwardly of the protective member, 
the protective member having an interior surface 
coated with a light absorbing layer. 50 

in such case, since the protective member en- 
closing the laser chip, the monitor photodiode and the 
wires Is of a closed structure having an aperture de- 
fined therein for passage therethrough of a laser 
beam emitted from the laser chip so as to travel out- 55 
wardly of the protective member, any possible entry 
of external light into the protective member through 
the hole can advantageously be minimized. Also, a 

6 



slight amount of light entering through the hole Into 
the protective member can be absorbed by the light 
absorbing layer. Therefore, by minimizing the influ- 
ence which may be brought about by the external 
light, the intensity of the laser beam emitted outward- 
ly from the laser chip can be controlled accurately. 

Again alternatively, the protective member may 
include an optical member positioned on a path of 
travel of a laser beam emitted from the laser chip so 
as to travel outwardly of the protective member. 

In the case of the use of the optical member, the 
laser beam emitted outwardly from the laser chip 
passes through the optical member. And, the laser 
beam dependent on characteristics of the optical 
member can be emitted to the outside. 

In any event, the protective member may have a 
reference face defined therein for determination of a 
reference position referred to when the base having 
the laser chip mounted thereon is to be installed in an 
external equipment 

When the base having the laser chip mounted 
thereon is to be installed in an external equipment, the 
reference face provided in the protective member is 
brought into abutment with a reference face of the 
equipment and. therefore, the positioning of the sem- 
iconductor laser device relative to the equipment can 
advantageously be controlled accurately. 

According to a fourth aspect of the present inven- 
tion, there is provided a semiconductor laser device 
which comprises a stem; a semiconductor laser chip 
mounted on the stem; a monitor photodiode chip 
mounted on the stem and adapted to receive a laser 
beam emitted from the laser chip; a cap mounted on 
the stem so as to enclose the laser chip and the pho- 
todiode chip; and a hologram mounted on the cap for 
guiding a reflected beam of the laser chip. This sem- 
iconductor laser device may or may not include one 
or both of a detector photodiode for detecting a re- 
flected beam of the laser chip and a transparent resin 
layer enclosing at least the laser chip among the laser 
chip, the monitor photodiode and the detector photo- 
diode. 

In the semiconductor laser device according to 
the fourth aspect of the present invention, even 
though the cap is employed, neither expensive inert 
gas is employed, nor expensive metal cap having a 
window covered by a windowpane such as in the prior 
art device is required. Accordingly, as compared with 
the prior art semiconductor laser device, the device 
can be manufactured atareduced cost without requir- 
ing any complicated assembling procedure and hav- 
ing an excellent environmental stability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects and features of the pres- 
ent invention will become clear from the following de- 
scription taken in conjunction with preferred embodl- 
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ments thereof with reference to the accompanying 
drawings, in which like parts are designated by Wke 
reference numerals and in which: 

Fig. 1 is a fragmentary sectional view of a portion 

of a semiconductor laser device according to a 3 

first embodiment of the present invention; 

Fig. 2 is a fragmentary sectional view of a portion 

of the semiconductor laser device according to a 

second embodiment of the present invention; 

Fig. 3 is a plan view of the semiconductor laser io 

device according to a third preferred embodiment 

of the present invention: 

Fig. 4 is a longitudinal sectional view of the senrv 
iconductor laser device of Fig. 3 as viewed in a 
different direction; is 
Fig. 5 is a perspective view of the semiconductor 
laser device according to a fourth embodiment of 
the present invention; 

Fig. 6 is a schematic plan view showing a lead 
frame shown in Fig. 5; 20 
Fig. 7 Is a perspective view of the semiconductor 
laser device according to a fifth embodiment of 
the present invention; 

Fig. 8 is a schematic plan view showing the lead 
frame shown in Fig. 7; 25 
Fig. 9 is a perspective view of the semiconductor 
laser device according to a sixth embodiment of 
the present invention; 

Fig. 10 is a schematic plan view showing the lead 
frame shown in Fig. 9; 30 
Fig. 11 is a graph showing a laser emission char- 
acteristic exhibited by the semiconductor laser 
device of the present invention; 
Fig. 12 is a schematic perspective view of the 
semiconductor laser device according to a sev- 35 
enth embodiment of the present invention; 
Fig. 13 is a center longitudinal sectional view of 
the semiconductor laser device shown in Fig. 12; 
Fig. 14 is a plan view showing the lead frame 
used to manufacture the semiconductor laser de- 40 
vice shown in Fig. 12; 

Fig. 15 is a schematic perspective view of the 
semiconductor laser device according to an 
eighth embodiment of the present invention; 
Fig. 16 is a plan view showing the lead frame 45 
used to manufacture the semiconductor laser de- 
vice shown in Fig. 15; 

Fig. 17 is a chart showing the relationship be- 
tween the resin thickness and the deterioration 
time of the semiconductor laser device according so 
to a ninth embodiment of the present invention; 
Fig. 18 is a graph showing the relationship be- 
tween the standing time, during which the semi- 
conductor laser beam has been allowed to stand, 
and the rate of change in operating current; 55 
Fig. 19 is a schematic perspecthfe view showing 
the semiconductor laser device according to a 
tenth embodiment of the present invention; 



Fig. 20 Is a schematic longitudinal sectional view 
of the semiconductor laser device shown In Fig. 
19; 

Fig. 21 is a plan view of the lead frame used to 
manufacture the semiconductor laser device of 
Fig. 19; 

Fig. 22 is a perspective view of a protective mem- 
ber used in the semiconductor laser device of Fig. 
19, showing how the protective member is as- 
sembled; 

Fig. 23 is a schematic longitudinal sectional view 
of the semiconductor laser device according to an 
eleventh embodiment of the present invention; 
Fig. 24 Is a schematic longitudinal sectional view 
of the semiconductor laser device according to a 
twelfth embodiment of the present Invention; 
Fig. 25 is a schematic longitudinal sectional view 
of the semiconductor laser device according to a 
thirteenth embodiment of the present invention; 
Fig. 26 is a schematic longitudinal sectional view 
of the semiconductor laser device according to a 
fourteenth embodiment of the present invention; 
Fig. 27 is a schematic longitudinal sectional view 
of the semiconductor laser device according to a 
fifteenth embodiment of the present invention: 
Fig. 28 is a schematic longitudinal sectional view 
of the semiconductor laser device according to a 
sixteenth embodiment of the present invention; 
Fig. 29 is a schematic longitudinal sectional view 
of the semiconductor laser device according to a 
seventeenth embodiment of the present inven- 
tion; 

Figs. 30(a) to 30(0 illustrate the sequence of 
manufecture of the semiconductor laser device 
according to an eighteenth embodiment of the 
present invention; 

Figs. 31 and 32 are schematic perspective views 
showing the structure of a retaining member and 
the manner in which the lead frame is fitted to a 
protective member frame; 
Fig. 33 is a perspective view showing the semi- 
conductor laser device according to a nineteenth 
embodiment of the present invention; 
Fig. 34 Is a perspective view of the semiconduc- 
tor laser device according to a twentieth embodi- 
ment of the present invention: 
Fig. 35 is a schematic longitudinal sectional view 
of the semiconductor laser device according to a 
twenty-first embodiment of the present Inven- 
tion; 

Fig. 36 is a schematic perspective view of the 
semiconductor laser device according to a twen- 
ty-second embodiment of the present Invention; 
Fig. 37 is a side view of the semiconductor laser 
device shown in Fig. 36; 

Fig. 38 is a perspective view of the semiconduc- 
tor laser device according to a twenty-third em- 
bodiment of the present invention; 
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Fig. 39 is a side view of the semiconductor laser 
device shown in Fig. 38; 

Fig. 40 is a transverse sectional view of the sem- 
iconductor laser device according to a tv^nty- 
fourth embodiment of the present invention; 5 
Fig. 41 is a schematic sectional view of the sem- 
iconductor laser device according to a twenty- 
fifth embodiment of the present invention; 
Fig. 42 is a view similar to Fig. 41. showing the 
semiconductor laser device according to a twen- io 
ty-sixth embodiment of the present invention; 
Fig. 43 is a longitudinal sectional view of one of 
the prior art semiconductor laser devices; 
Fig. 44 is a perspective view of the prior art senrv- 
iconductor laser device shown in Fig. 43; is 
Fig. 45 is a graph showing the laser emission 
characteristic of the prior art semiconductor laser 
device wherein a portion of the resin layer con- 
fronting a front beam emitting end face of a senv 
iconductor laser chip has a thickness of 1 .OOO^m; 20 
Fig. 46 is a graph showing the laser emission 
characteristic of the prior art semiconductor laser 
device wherein a coating of resin covering the 
front beam emitting end face of the semiconduc- 
tor laser chip does not lie parallel to the front 25 
beam emitting end face; 

Fig. 47 is a perspective view, with a portion cut 
away, of another one of the prior art semiconduc- 
tor laser devices; 

Fig. 48 is a plan view of the lead frame used to 30 
manufacture a further one of the prior art semi- 
conductor laser devices; 

Fig. 49 is a cross-sectional view taken along the 
line A-A in Fig. 48; and 

Fig. 50 is a longitudinal sectional view of a still 35 
further one of the prior art semiconductor laser 
device. 

DETAILED DESCRIPTION OF THE 

EMBODIMENTS 40 

Referring first to Fig. 1 showing a semiconductor 
laser device according to a first preferred embodi- 
ment of the present invention, there is shown a stem 
3 (which may alternatively be a lead frame) and a las- 4S 
er diode chip 1 die-bonded to an outer end of the stem 
3. 

A region ranging from the outer end of the stem 
3 to an upper surface of the stem 3 vtei a surface of 
the laser diode chip 1 is covered by a resin layer 2. so 
The resin layer 2 is so coated that a portion of the res- 
in layer 2 confronting an outwardly oriented laser 
beam emitting end face (hereinafter referred to as a 
forward emitting end face) of the laser diode chip 1 
has a resin thickness not greater than SOOfim while ly- 55 
ing flat in parallel relation to the forward emitting end 
face. The resin layer 2 may be made of a transparent 
synthetic resin such as, for example, silicone resin or 



poiylmide resin. 

Fig. 2 Illustrates the semiconductor laser device 
according to a second preferred embodiment of the 
present invention. In this embodiment, a laser diode 
chip 11 is die-bonded to a tip of a vertical arm of the 
shape of a figure assumed by a generally T-sec- 
tioned stem 13 so that a forward emitting end face Ita 
of the laser diode chip 1 1 may lay In flush with an end 
face at the tip of the stem 13. At a position corre- 
sponding to the joint between vertical and transverse 
arms of the shape of the figure "V, a monitor photo- 
diode 15 is die-bonded to a portion of the transvecse 
arm of the stem 13 adjacent the vertical arm thereof:' 
Even in the embodiment shown in Fig. 2, the resin 
layer 2 is applied to the stem 1 3 so as to cover a region 
ranging from the end face of the vertical arm of the 
stem 13 to that portion of the transverse arm of the 
stem 13 adjacent the vertical arm thereof so while 
covering both of the laser diode chip 1 1 and the mon- 
itor photodiode 15. As a matter of course, a portion 
of the resin layer 2 confronting the forward emitting 
end face 11a of the laser diode chip 11 has a resin 
thickness not greater than 500^m and lie flat in par- 
allel relation to the forward emitting end face 11a of 
the laser diode chip 11. 

Figs. 3 and 4 illustrates the semiconductor laser 
device according to a third preferred embodiment of 
the present invention. According to this embodiment, 
in order to increase the productivity, a plunality of las- 
er diode chips 12 and a corresponding number of 
monitor photodiodes 25 are mounted on leads 24. At 
this time, each laser diode chip 21 is die-bonded 
through a sub-mount 26 in consideration of the 
amount of light Incident on the corresponding monitor 
photodiode 25. It is to be noted that reference numeral 
21a represents a forward emitting end face of each 
laser diode chip 21 and reference numeral 28 repre- 
sents a tie bar. 

In the semiconductor laser device shown in Fig. 
3, the laser chips 21 and the monitor photodiodes 25 
are mounted through the associated sub-mounts 26 
on the leads of an insert-type lead frame 24 and 27 
(a type of lead frames integrally formed with retainer 
members 27 made of plastics). Although not shown, 
a resin layer is formed so as to cover the forward 
emitting end face 21 a of each laser diode chip 21 , and 
that portion of the resin layer confronting the forward 
emitting end face 21a of each laser diode chip 21 has 
a resin thickness not greater than 500^m while lying 
flat in parallel relation thereto. 

On the other hand. In the semiconductor laser de- 
vice shown In Fig. 4, one lead 24 separated from the 
tie bar has the laser diode chip 21 and the monitor 
photodiode 25 mounted thereori. Both of the laser di- 
ode chip 21 and the nrranitor photodiode 25 are cov- 
ered by the resin layer 2, that portion of the resin layer 
2 confronting the forward emitting end face 21a of the 
laser diode chip 21 having a thickness not greater 
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than 500^fn while lying fiat in parallel relation to the 
forward emitting end face 21a. 

it Is to be noted that a structure may be contem- 
plated in which the monitor photodiode 25 and the 
sut>-mount 26 are integrated together. 5 

Referring now to Figs. 5 and 6 showing a fourth 
preferred embodiment of the present invention, the 
semiconductor laser device shown therein is pre- 
pared by punching a portion of a lead 34. where a 
monitor photodiode 35 will be die-bonded, to form a io 
generally V-shaped groove 39 so as to leave a mount 
surface area adjacent the tip of the lead 34, die-bond- 
ing a laser diode chip 31 to the mount surface area of 
the lead 34 and finally die-bonding the monitor pho- 
todiode 35 to one of opposite faces of the V-shaped i6 
groove 39 generally d lagonally facing towards the las- 
er diode chip 31 . Even in this embodiment, both of the 
laser diode chip 31 and the monitor photodiode 35 are 
covered by the resin layer 2, that portion of the resin 
layer 2 confronting a forward emitting end face 31a 20 
of the laser diode chip 31 having a thickness not 
greater than SOO^m while lying flat in parallel relation 
to the forward emitting end face 31a. 

Fig. 6 Illustrates the shape of a lead frame con- 
necting a plurality of the leads 34 of Fig. 5 through a 25 
tie bar 38. which lead frame is used during the man- 
ufacture of the semiconductor laser device shown In 
Fig. 5. 

As hereinabove described, in the fourth preferred 
embodiment of the present invention, since the mon- 30 
itor photodiode 35 is die-bonded to one of the oppo- 
site faces of the V-shaped groove 39 in the lead 34 
which faces towards the laser diode chip 31 die-bond- 
ed on the mount surface area adjacent the tip of such 
lead 34. a laser beam emitted from the laser diode 35 
chip 31 can with no doubt impinge on the monitor pho- 
todiode 35. Accordingly, no sub-mount such as nec- 
essitated in the third preferred embodiment of the 
present invention is required. 

The semiconductor laser device according to a 40 
fifth preferred embodiment of the present invention 
is shown In Figs. 7 and 8. According to this embodi- 
ment, a portion of a lead 44 where a monitor photo- 
diode 45 is disposed is so shaped as to face outward- 
ly In a direction axlally of the lead 44 so that the 45 
amount of light emitted from a laser diode chip 41. 
mounted on the tip of the lead 44, and incident upon 
the monitor photodiode 45 can be increased. 

Fig. 7 illustrates a condition prior to the semicon- 
ductor laser chip 41 and its surrounding being cov- so 
ered by the resin layer. Even In this embodiment, 
when the laser diode chip 41 is covered by the resin 
layer, that portion of the resin layer aligned with a for- 
ward emitting end face 41a of the laser diode 41 must 
have a resin thickness not greater than SOO^m and, ss 
at the same ti me, must lie flat in parallel relation to the 
forward emitting end face 41a of the laser diode 41. 

Fig. 8 Illustrates the shape of a lead frame con- 



necting a plurality of the leads 44 of Fig. 7 through a 
tie bar 48, which lead frame is used during the man- 
ufacture of the semiconductor laser device shown in 
Fig. 7. In Fig. 8, reference numeral 47 represents a re- 
taining member. 

A sixth preferred embodiment of the present In- 
vention is shown in Figs. 9 and 10. According to this 
sbcth embodiment of the present invention, a tip of a 
lead 54 is so shaped as to provide a generally U-shap- 
ed groove 59 within which a monitor photodiode 55 is 
mounted. A surface area on which the monitor photo- 
diode 55 is mounted is substantially parallel to. but 
of feet relative to a mount surface area on which a las- 
er diode chip 51 is mounted while enabling the beam 
from the laser diode chip 51 to be incident upon the 
monitor photodiode 45. 

Fig. 9 illustrates a condition prior to the semicon- 
ductor laser chip 51 and its surrounding being cov- 
ered by the resin layer. Even In this embodiment, 
when the laser diode chip 51 is covered by the resin 
layer, that portion of the resin layer aligned with a for- 
ward emitting end face 51 a of the laser diode 51 must 
have a resin thickness not greater than 500vim and, 
at the same time, mustlieflat in parallel relation to the 
forward emitting end face 51a of the laser diode 51. 

Fig. 10 Illustrates the shape of a lead frame con- 
necting a plurality of the leads 54 of Fig. 9 through a 
tie bar 58, which lead frame is used during the man- 
ufacture of the semiconductor laser device shown in 
Fig. 9. In Fig. 10. reference numeral 57 represents a 
retaining member. 

Fig. 11 illustrate a laser emisston characteristic 
exhibited by the semiconductor laser device which, as 
shown in connection with any one of the foregoing 
embodiments of the present invention, the forwaid 
emitting end face of the laser diode chip is covered 
by the resin layer lying parallel thereto and having a 
resin thickness not greater than 500^m. As can be 
seen from the laser emission characteristic shown in 
Fig. 11, since the forward emitting end face of the 
semiconductor laser chip is covered by the resin layer 
of 500^m in resin thickness and made of a single syn- 
thetic resin, both of a curve e|| representing a pattern 
of distribution of the laser beam in a horizontal direc^ 
tion relative to an active layer in which a laser oscil- 
lation takes place and a curve 9i. representing that in 
a vertical direction relative to the active layer exhibits 
a single peak. 

Also, since that portion of the resin layer aligned 
with the forward emitting endfaceof thesemiconduc* 
tor laser chip lies parallel to such forward emitting end 
face, both of the curves shown in the graph of Fig. 11 
exhibit no deviation of the optical axis. 

Thus, according to any one of the foregoing em- 
bodiments, the present invention has made it possi- 
ble to provide the semiconductor laser device which 
can be effectively used as a light source in an optical 
disc recording and/or reproducing system to the best 
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advantage. 

It is to be noted that, in the practice of any one of 
the foregoing embodiments of the present invention, 
the resin thickness of the resin layer suffices to be not 
greater than SOOfun. Even when the resin thickness 
is chosen to be 400, 300, 200 or 100^m. the resultant 
semiconductor laser device can exhibit satisfactory 
characteristics. IHowever, if the resin thickness is too 
small, corrosion may occur at the forward emitting 
end face of the semiconductor laser chip under the in- 
fluence of ambient humidity and this may lead to a 
considerable variation in electric operating current of 
the laser device and. therefore, the minimum allow- 
able resin thickness is preferably lOi^m. 

From the foregoing description, it has now be- 
come dear that, according to one aspect of the pres- 
ent invention, since the forward emitting end face of 
the semiconductor laser chip is covered by the resin 
layer of not greater than 500|im in resin thickness 
while lying parallel thereto, the laser beam emitted 
from the outwardly oriented laser emitting end face of 
the semiconductor laser chip can exhibit such a laser 
emission characteristic that there is no possibility of 
loosing a single peak and. yet, there is no deviation 
of the optical axis. Accordingly, the present invention 
has made it possible to provide the semiconductor 
laser device which can be effectively used as a light 
source in an optical disc recording and/or reproducing 
system to the best advantage. 

It is also dear that, according to another aspect 
of the present invention, since the monitor photodiode 
is mounted on a portion of the stem inwardly of the 
semiconductor laser chip, the monitor photodiode can 
monitor the power of the laser beam emitted from the 
semiconductor laser chip. Accordingly, it is possible 
for the monitor photodiode to monitor the laser beam 
having such a laser emission characteristic that there 
is no possibility of loosing a single peak and, yet. 
there is no deviation of the optical axis. 

It is further dear that, according to a further as- 
pect of the present invention, the monitor photodiode 
can receive the laser beam emitted from the inwardly 
oriented beam emitting end face of the semiconduc- 
tor laser chip since the semiconductor laser chip is 
mounted on the lead through the sub-mount while the 
monitor photodiode is mounted on that portion of the 
lead inwardly of the semiconductor laser chip where- 
by a light receiving surface of the monitor photodiode 
extend vertical relative to the Inwardly oriented beam 
emitting end face of the semiconductor laser chip. Ac- 
cordingly, it is dear that the power of the laser beam 
having such a laser emission characteristic that there 
Is no possibility of loosing a single peak and. yet, 
there Is no deviation of the optical axis can be moni- 
tored effectively. 

According to a further aspect of the present in- 
vention, since the monitor photodiode is. mounted in 
the groove formed In the lead at a location inwardly 



of the semiconductor laser chip with the light receiv- 
ing surface thereof extending vertical relative to the 
inwardly oriented beam emitting end face of the sem- 
iconductor laser chip, the monitor photodiode can 

5 easily receive the laser beam emitted from the in- 
wardly oriented beam emitting end face of the semi- 
conductor laser chip. Accordingly, it is dear that the 
power of the laser beam having such a laser emission 
characteristic that there is no possibility of loosing a 

io single peak and. yet, there is no deviation of the opt- 
ical axis can be monitored effectively. 

A seventh preferred embodiment of the present 
invention will now be described with reference to 
Figs. 12 to 15. Referring particularly to Figs. 12 and 

IS 13, a laser diode chip 71 and a photodiode 72 are 
mounted on a lead frame pin 73 and are hermetically 
sealed by a transparent resin layer 24. It is to be noted 
that a portion of the lead frame pin 73 where the laser 
diode chip 21 is mounted is raised to a level somewhat 

20 higher than the level of another portion of the lead 
frame pin 73 where the photodiode 72 is mounted. 
Specifically, the photodiode 72 is so mounted on a 
surface of the lead frame pin 73 that a rear beam 
emitting end face of the laser diode chip 21 may lie 

25 perpendicular to a light receiving surface of the pho- 
todiode 72. 

The laser diode chip 21 and the photodiode 72, 
both mounted on the lead frame pin 75, are electrical- 
ly connected with the lead frame pin 75 and a lead 
30 frame pin 76 by means of respective wires W1 and 
W2. 

The semiconductor laser device of the above de- 
scribed construction shown in and described with 
particular reference to Figs. 12 and 13 can be pre- 

35 pared In the following manner. As shown in Fig. 14, a 
plurality of sets of lead frame pins 73, 75 and 76 con- 
nected together by means of a tie bar 78 In a prede- 
termined pattern is used with each set of the lead 
frame pins 73, 75 and 76 fixed in position by a corre- 

40 spending fixture 77 of synthetic resin. After the laser 
diode chip 71 and the photodiode 72 have been 
mounted on each lead frame pin 73 with the wires W1 
and W2 bonded thereto so as to extend from the laser 
diode chip 71 to the lead frame pin 75 and from the 

45 photodiode 72 to the lead frame pin 76, respectively, 
both of the laser diode chip 21 and the photodiode 22 
on each lead frame pin 72 are sealed by the transpar- 
ent resin 24, following separation of the sets of the 
lead frame pins 73, 75 and 76 from the tie bar 78 by 

50 the use of any know cutting technique, thereby com- 
pleting the semiconductor laser devices. 

Figs. 15 and 16 Illustrate an eighth preferred em- 
bodiment of the present Invention. This eighth em- 
bodiment of the present invention differs from the 

55 previously discussed seventh embodiment of the 
present invention in that, as best shown in Fig. 16. 
each set of the lead frame pins 73, 75 and 76 with the 
corresponding fbcture 78 and the tie bar 79 are 
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formed with positioning holes 80 and positioning 
grooves 81. 

The use of the positioning holes 80 and the pos- 
itioning grooves 81 is advantageous in that an iead 
frame pin assembly 82 can easily be positioned to al- 5 
low the laser diode chip 71 and the photodiode 72 to 
be accurately mounted on each lead frame pin 73 at 
the respective predetermined positions. 

Fig. 17 illustrates a relationship between the res- 
in thickness of a transparent resin layer 34, used to io 
seal both of the laser diode chip 81 and the photo- 
diode 82 in the semiconductor laser device according 
to a ninth preferred embodiment of the present inven- 
tion, and a phenomenon of deterioration of the senv 
iconductor laser device. Data shown in Fig. 17 speak 16 
of results of experiments In which seven semiconduc- 
tor laser devices having the respective resin layers of 
different resin thicknesses were allowed to stand un- 
der an atmosphere of S5°C in temperature and 95% 
in absolute humidity and a change in laser operating 20 
current was examined every 50 hours. Fig. 18 illus- 
trates the relationship between the length of time H 
during which the semiconductor laser device having 
the resin layer of 0.1 ^m was allowed to stand and the 
amount of change Alop in operating current. 25 

As can readily be understood from Rgs. 17 and 
18, when the resin thickness of the resin layer sealing 
both of the laser diode chip and the photodiode is 
equal to or smaller than 10|im, deterioration was ob- 
served. However, when the resin thickness is greater 30 
than 10|xm, no deterioration was observed. This 
clearly suggests that the resin layer sealing the laser 
diode chip and the photodiode should have a resin 
thickness greater than 10^m. 

According to the seventh embodiment of the 35 
present invention, the efficiency of incidence of the 
laser beam upon the monitor photodiode can be In- 
creased and, also, the laser unit can be assembled in 
a compact size. 

According to the eighth embodiment of the pres- 40 
ent Invention, the positioning of the read frame can be 
accurately performed and, therefore, not only can 
both of the laser diode chip and the photodiode be ac- 
curately mounted on each lead frame to thereby in- 
crease the productivity, but the accuracy of the sem- 45 
iconductor laser device can also be increased. 

In addition, the selection of the resin thickness of 
the resin layer to be greater than lOum is effective to 
avoid any possible deterioration under the influence 
of ambient humidity, making it possible to provide the so 
semiconductor laser device having an excellent envir- 
onmental stability. 

A tenth preferred embodiment of the present in- 
vention is shown in Figs. 19 to 22. In the semiconduc- 
tor laser device according to the tenth embodiment of 55 
the present invention is prepared from an Insert-type 
flat lead frame 123 best shown in Fig. 21 . The insert- 
type flat lead frame 123 has common leads 124 on 



which respective semiconductor laser chips are 
mounted. 

More specifically, each of the common leads 124 
has a tip formed with a chip mount 125. Arespecthfe 
semiconductor laser chip 121 is mounted on an upper 
surface of the chip mount 25. This chip mount 125 is 
in turn formed with a generally U-shaped recess 125a 
having a generally V-shaped longitudinal section and 
positioned Inwardly of the semiconductor laser chip 

121 on the chip mount 125 as best shown in Fig. 20. 
A respective monitor photodiode chip 122 is subse- 
quently mounted in the recess 125a with a front lower 
corner thereof sunk deep into the recess 125a while 
a light receiving surface 1 22a thereof is so inclined as 
to confront an inwardly oriented beam emitting end 
face 121a of the semiconductor laser chip 121. 

Each semiconductor laser chip 121 and each 
monitor photodiode chips 122 are electrically con- 
nected through wires 1 29 and 1 30 with leads 126 and 
127 positioned on respective sides of the associated 
common lead 124, respectively. Thereafter, the sem- 
iconductor laser chip 121. the monitor photodiode 
chip 122 and the wires 129 and 130 associated with 
each common lead 124 are encapsulated by a resin 
layer (not shown). 

By so doing, a laser beam emitted from an in- 
wardly oriented beam emitting end face of the respec- 
tive semiconductor laser chip 121 in a direction in- 
wardly thereof can be efficiently impinged upon the 
light receiving surface 1 22a of the associated monitor 
photodiode chip 122 to achieve a monitoring of the 
power of the laser beam. 

The semiconductor laser device according to the 
tenth embodiment of the present invention has the 
semiconductor laser chip 121. the monitor photodiode 

122 and the wires 129 and 130 all encased within a 
generally cylindrical protective casing 131 made of 
plastics and having one end closed, to thereby protect 
the semiconductor laser chip 121 , the monitor photo- 
diode 122 and the wires 129 and 130 from external 
forces. 

As best shown in Fig. 22, the cylindrical protec- 
tive casing 131 is comprised of generally semicylind- 
rical. upper and lower casing components 132 and 
133 which are so divided at a level where the leads 
124, 126 and 127 extends through an end wall of the 
cylindrical protective casing 131. A generally semicir- 
cular end wall 132a or 133a of each of the upper and 
lower casing components 132 and 133 has an edge 
portion formed with cutouts 124a, 126a and 127a for 
accomnrK)dating the leads 124, 126 and 127. respec- 
tively. In cooperation with the cutouts 124a. 126a and 
127a defined in the other semicircular end wall 133a 
or 132a when the upper and lower casing compo- 
nents 132 and 133 are combined together to com- 
plete the cylindrical protective casing 131. 

During the manufacture of the semiconductor 
laser devices, pairs of the upper and lower casing 
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components 132 and 133 are positioned fronfi above 
and below relative to the respective sets of the leads 
124. 126 and 127 with the semicircular end walls 132a 
and 133a aligned with the phantom line L-L shown in 
Fig. 21 and the upper and lower casing components 5 
1 32 and 1 33 of each pair are subsequently bonded to- 
gether so as to enclose the associated chip mount 
125. The bonding of the upper and lowercasing conrv 
ponents 132 and 133 to complete the cylindrical pro- 
tective casing 131 may be carried out by the use of io 
an adhesive agent or a fusion bonding technique. 

After the mounting of the upper and lower casing 
components 132 and 133 in the manner described 
above to complete the cylindrical protective casings 
131 one for each set of the leads 124, 126 and 127, is 
the common leads 124 are separated by cutting from 
the tie bar 123a at respective portions of the leads 
124, 126 and 127 inwardly with respect to the tie bar 
123a. thereby completing the individual semiconduc- 
tor laser devices each being of a structure wherein 20 
the semiconductor laser chip 121. the monitor photo- 
diode 122 and the wires 129 and 130 are encased 
within the protective casing 131. 

While in the prior art semiconductor laser device 
all of the semiconductor laser chip, the monitor pho- 25 
todiode chip and the wires are exposed bare and are 
not sufficiently protected, the semiconductor laser 
device according to the tenth embodiment of the pres- 
ent invention shown in Figs. 1 9 to 22 is advantageous 
in that respective free end portions of the leads 124, 30 
1 26 and 1 27 where the semiconductor laser chip, the 
monitor photodiode chip and the wires are provided 
are effectively protected by the cylindrical protective 
casing 131 of a generally cup-like configuration. Ac- 
cordingly, all of the semiconductor laser chip 1 21 , the 35 
monitor photodiode chip 122 and the wires 129 and 
130 are not exposed outwardly and are sufficiently 
protected from external forces. 

Also, since the semiconductor laser devices ac- 
cording to the tenth embodiment of the present inven- 40 
tion are fabricated on the insert-type lead frame 123. 
the manufacture thereof can advantageously be sim- 
plified while making it possible to assembly each 
semiconductor laser device in a compact size and at 
a reduced cost. 45 

The semiconductor laser device according to an 
eleventh preferred embodiment of the present inven- 
tion which will now be described with reference to Fig. 
23 is generally similar to that according to the tenth 
embodiment of the present invention and, therefore. so 
in describing the eleventh embodiment of the present 
invention, parts shown in Fig. 23, but similar to those 
shown in Figs. 19 to 22 are designated by like refer- 
ence numerals used In Figs. 19 to 22. 

In the previously described tenth embodiment of 55 
the present invention, the monitor photodiode chip 
has been shown and described as positioned within 
the generally V-sectioned recess formed at the free 



end of each common lead of the lead frame. However, 
according to the eleventh embodiment of the present 
invention shown in Fig. 24, the free end of each conv 
mon lead 124 is formed with a chip mount 125 on 
wKich the monitor photodiode 122 is mounted directly 
with its light receiving surface 122a oriented upward- 
ly. On the other hand, the semiconductor laser chip 
121 is mounted on a sub-mount 134 which is in turn 
mounted on the chip mount 1 25 at such a position that 
a laser beam emitted from the inwardly oriented 
beam emitting end face 121a of the semiconductor 
laser chip 121 can impinge upon the light receiving 
surface 122a of the monitor photodiode chip 122. 

As is the case with the tenth embodiment of the 
present invention, all of the semiconductor laser chip 
121, the monitor photodiode chip 122 and the wires 
(not shown) are encased within the cylindrical protec- 
tive casing 131 and are not therefore exposed to the 
outside. 

In the eleventh embodiment of the present inven- 
tion shown in Fig. 23 the monitor photodiode chip is 
provided separate from the sub-rinount However, in 
the twelfth embodiment of the present invention 
shown in Fig. 24. the monitor photodiode chip g 
formed within a sub-mount 135 and is in turn so dis- 
posed that the inwardly oriented beam emitting end 
face 121 a of the semiconductor laser chip 121 and the 
light receiving surface 1 35a of the monitor photodiode 
chip can assume respective positions similar to those 
in the eleventh embodiment of the present invention. 

In the thirteenth embodiment of the present in- 
vention shown in Fig. 25. although a generally cylin- 
drical protective casing 136 comprised of upper and 
lower casing components 137 and 138 shown therein 
is substantially similar to the protective casing 131 
used in the tenth embodiment of the present inven- 
tion shown in Figs. 19 to 22, the protective casing 136 
shown in Fig. 25 is made of metal in order for the pro- 
tective casing 136 to have an increased strength with 
respect to the elevated temperature. 

The use of metal as material for the protecting 
casing 136 poses a problem associated with thermal 
insulation between the common lead 124 and any 
one of end walls 137a and 138a of the respective up- 
per and lower casing components 137 and 138. In 
view of this, according to the thirteenth embodiment 
shown in Fig. 25, thermally insulating material 39 
such as, for example, glass having a low melting point 
are filled in respect h^e holes, which are defined by the 
cutouts in each of the end walls 1 37a and 1 38a of the 
upper and lower casing components 137 and 178 
when the latter are bonded together to complete the 
cylindrical protective casing 136. to thereby fill up a 
gap formed between each of the leads 124, 126 and 
127 and the corresponding hole in the end wall of the 
cylindrical protective casing 136. 

It is to be noted that the structure other than the 
protective casing 137 is substantially identical with 
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that in the tenth embodiment of the present Invention 
shown In Figs. 19 to 22. 

In the fourteenth embodiment of the present in- 
vention shown in Fig. 26, a cylindrical protective cas- 
ing 142 shown therein is comprised of upper and low- 
er casing components 143 and 144. Unlike the cylin- 
drical protective casing 1 36 used in the thirteenth em- 
bodiment wherein the upper casing component 137 
has a volume greater than that of the lower casing 
component 138, the cylindrical protective casing 142 
employed in the fourteenth embodiment of the pres- 
ent invention is such that the upper casing component 
1 43 has a volume smaller than that of the lowercasing 
component 144 by the following reason. 

As clearly shown in Fig. 26, in the fourteenth em- 
bodiment of the present invention, the free end por- 
tion of the comnrran lead 141 is so shaped by the use 
of a forming technique as to incline downwardly at 
141a and then to extend straight horizontally at 141b. 
Whereas the semiconductor laser chip 121 is mount- 
ed on the horizontally extending area 141b of the free 
end portion of the common lead 141, the monitor pho- 
todiode chip 122 is mounted on the inclined area 141a 
of the free end portion of the common lead 141 with 
its light receiving surface 122a facing towards the 
semiconductor laser chip 121. The use of the partic- 
ular shape at the free end portion of the common lead 
141 is advantageous in that the efficiency at which 
the laser beam emitted from the inwardly oriented 
beam emitting end face 121a of the semiconductor 
laser chip 121 is received by the monitor photodiode 
chip 22 can be increased. 

In this way, the semiconductor laser chip 121 and 
the nionitor photodiode chip 122 both positioned at a 
level lower than the remaining portion of the common 
lead 141 are substantially enclosed by the lowercas- 
ing component 144 having a relatively great volume 
while the upper casing component 143 is used as a 
lid for closing an upper opening of the lower casing 
component 144, thereby permitting the semiconduc- 
tor laser chip, the monitor diode and the wires to be 
assuredly protected from external forces. 

In a fifteenth preferred embodiment of the pres- 
ent invention shown in Fig. 27, the structure of the 
protective casing 1 31 and the attachment of the senrv 
{conductor laser chip 121, the monitor photodiode 
chip 1 22 and the protective casing 1 31 to the common 
lead 124 are substantially identical with those em- 
ployed in the tenth embodiment of the present inven- 
tion as shown In Figs. 19 to 22. 

However, the opening of the cylindrical protective 
casing 131 Is closed by a lid 145 having an optical 
lens 146 affixed to a portion of said lid 145 aligned 
with the outwardly oriented beam emitting end face 
1 21 b of the semiconductor laser chip 1 21 . This design 
shown in F^. 27 is particularly advantageous in that 
the laser beam emitted from the outwardly oriented 
beam emitting end face 121b of the semiconductor 



laser chip 121 can be focused by the optical lens 146 
to provide the laser beam of a high density of energies 
out of the cylindrical protective casing 131. 

In a sbdeenth embodiment of the present inven- 

5 tlon shown in Fig. 26. Instead of the optical lens 146 
employed in the fifteenth embodiment shown in Fig. 
27, a holographic glass element 147 is fitted to that 
portion of the ltd 145 which is aligned with the out- 
wardly oriented beam emitting end face 121b of the 

10 semiconductor laser ch ip 1 21 . With the use of the ho- 
lographic glass elennent 147. the assembly can be 
formed into a hologram laser unit 

It is to be noted that the structure of the protec- 
tive casing 131 and the attachment of the semicon- 

16 ductor laser chip 121, the monitor photodiode chip 
122 and the protective casing 131 to the common 
lead 124, both employed in the practice of the six- 
teenth embodiment of the present invention, are sub- 
stantially identical with those shown in Figs. 19 to 22. 

20 In a seventeenth preferred embodiment of the 

present invention shown in Fig. 29, the use is made 
of an optical fiber 148 for taking the laser beam out 
of the cylindrical protective casing 131. As shown 
therein, one end of the optical fiber 148 is Inserted f Ix- 

25 ediy through the lid 145 so that an end face 148a of 
the optical fiber 148 confronts the outwardly oriented 
beam emitting end face 121b of the semiconductor 
laser chip 121. The use of the optical fiber 148 is par- 
ticularly advantageous in that the laser beam emitted 

30 from the outwardly oriented beam emitting end face 

1 21 b of the semiconductor laser chip 121 can be guid- 
ed in any desired direction outwardly of the protective 
casing 131. 

It is to be noted that the structure of the protec- 
35 tive casing 131 and the attachment of the semicon- 
ductor laser chip 121, the monitor photodiode chip 

122 and the protective casing 131 to the common 
lead 124, both employed in the practice of the seven- 
teenth embodiment of the present invention, are sub- 

40 stantially identical with those shown in Figs. 19 to 22. 

Figs. 30(a) to 30(f) illustrate sequential steps of 
manufacture of the semiconductor laser devices ac- 
cording to an eighteenth preferred embodiment of the 
present invention. The method shown in Figs. 30(a) 

45 to 30(f) is so designed and so practiced that generally 
cylindrical protective casings each used to enclose 
the semiconductor laser chip, the monitor photodiode 
and the wires for a single semiconductor laser device 
is framed integrally so as to facilitate the amounting 

so of the respective cylindrical protective casing onto the 
lead frame. 

As shown in Fig. 30(b), the use Is made of a lead 
frame 1 51 of such a shape as shown In Fig. 30(a) hav- 
ing common leads 152. and the semiconductor laser 
55 chip 121 is mounted on a free end or tip of each of the 
common leads 152, followed by a mounting of the 
monitor photodiode chip 122 at a position inwardly of 
the semiconductor laser chip 121. The manner in 

13 
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which the semiconductor laser chip 1 21 and the mon- 
itor photodiode chip 22 are mounted on the respective 
common lead 152 may be similar to that shown in any 
one of Figs. 20, 23, 24 and 26, although in the eight- 
eenth emt>odlment they are assumed as mounted in 5 
the manner as shown in Fig. 20. 

Then, as shown in Fig. 30(c), the semiconductor 
laser chip 121 (this reference numeral being not used 
in Fig. 30(c)) on each common lead 152 is electrically 
connected with a lead 1 53 on one side of the common io 
lead 152 by means of an Au wire 155 and. similarly, 
the monitor photodiode chip 122 (this reference nu> 
meral being not used in Fig. 30(c)) on each conrtmon 
lead 152 is electrically connected with a lead 154 on 
the other side of the common lead 1 52. is 

Thereafter, as shown in Fig. 30(d), preparation is 
made of a protective casing frame 1 59 in which aplur- 
atity of protective members 157 connected in series 
with each other by means of discrete connecting rods 
1 58, each of said protective members 1 57 being of 20 
such a shape as will be described later. Respective 
assemblies each including the juxtaposed leads 152, 

153 and 154 are inserted into the respective protec- 
tive members 157 with the chips 121 and 122 on each 
common lead 152 positioned inside the associated 25 
protective member 157 together with the wires 155 

and 156. 

After the insertion of the assemblies into the pro- 
tective members 1 57 as shown in Fig. 30(d), the con- 
necting rods 158 of the protective casing frame 159 30 
and the leads 1 52, 1 53 and 1 58 of the lead frame 1 51 
are cut to separate the assemblies individually to 
thereby provide the individual semiconductor laser 
devices each being of a construction shown in Fig. 
20. 35 

Each of the protective members 157 of the pro- 
tective casing frame 159 referred to above is of such 
a shape as shown in Figs. 31 and 32. Each protective 
member 157 is in the form of a generally cylindrical 
casing having an inner peripheral surface formed with 40 
circumferentlally spaced axial grooves 158 and 159 
for slidingly receiving the leads 1 53 and 1 54 as the re- 
spective assembly Including the leads 152, 153 and 

154 with the chips 121 and 122 mounted on the com- 
mon lead 1 52 is Inserted into such cylindrical protec- 45 
tive casing 157. 

In order to secure each assembly in position with- 
in the respective cylindrical protective casing 157, af- 
ter the assembly has been Inserted Into the cylindrical 
protective casing 157 with the leads 153 and 154 re- so 
ceived in the circumferentially spaced axial grooves 
1 58 and 1 59 In the Inner peripheral wall surface of the 
cylindrical protective casing 157, a bonding resin is 
deposited at respective portions of an annular end 
face 160 of the cylindrical protective casing 157 ss 
where the leads 153 and 154 are securely connected 
to the protective casing 157 by means of the resin de- 
posits 161 and 161 as best shown in Fig. 32. 



It is to be noted that. If each of the axial grooves 
158 and 159 Is chosen to have a length sufficient to 
allow the associated cylindrical protective casing 1 57 
to completely enclose all of the semiconductor laser 
chip 121, the monitor photodiode 122 and the wires 
1 55 and 156, they can be effectively and satlsfector- 
ily be protected. 

A nineteenth preferred embodiment of the pres- 
ent invention is shown in Fig. 33. In this embodiment, 
the protective casing employed therein is identical 
with the protective casing 131 shown in Figs. 19 to 22. 

As shown in Fig. 33, the tip of the common lead 
162 enclosed in the protective casing 131 represents 
a generally T shape including transverse and axial 
bars 163 and 164 corresponding in position to trans- 
verse and vertical arms of the shape of a figure T", 
respectively. The semiconductor laser chip 121 is 
mounted on an intermediate portion of the transverse 
bar 1 63 of the common lead 1 62. A portion of the axial 
bar 164 of the common lead 162 adjacent the trans- 
verse bar 163 is bent so as to incline downwardly to 
provide an inclined mount area where the monitor 
photodiode chip 122 is mounted so as to confront the 
semiconductor laser chip 121. The semiconductor 
laser chip 121 mounted on the intermediate portion 
of the transverse bar 163 of the common lead 162 is 
electrically connected with the lead 166 by means of 
the wire 168 while the monitor photodiode chip 122 
mounted on the inclined mount area of the axial bar 
1 64 of the common lead 1 62 is electrically connected 
with the lead 165 by means of the wire 167. 

It is to be noted that, in the nineteenth embodi- 
ment of the present invention the transverse bar 163 
of the common lead 162 has a length greater than the 
Inner diameter of the cylindrical protective casing 131 
and the common lead 162 is securely sandwiched be- 
tween the upper and lower casing components 132 
and 133 of the cylindrical protective casing 131. 

Also, in the nineteenth embodiment of the pres- 
ent invention, each of the leads 165 and 166 has Its 
free end portion bent to represent a shape similar to 
the shape of a figure with its free extremity being 
sandwiched between the upper and lower casing 
components 132 and 133 of the cylindrical protective 
casing 131 as is the case with the common lead 162. 

Thus, according to the nineteenth embodiment of 
the present invention, the protective casing 131 is 
fixed to the leads 162, 165 and 166 at lateral sides 
and a bottom portion of each of the upper and lower 
casing components 132 and 133 and. accordingly, 
the cylindrical protective casing 131 can be secured 
fixed In position. It is to be noted that. In the descrip- 
tion of the nineteenth embodiment of the present In- 
vention, the monitor photodiode chip 122 has been 
mounted on the inclined mount area of the axial bar 
164 of the common lead 162 so that the laser beam 
from the semiconductor laser chip 121 can effectively 
Impinge upon the monitor photodiode chip 122. How- 
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ever, the present Invention Is not always limited there- 
to and the semiconductor laser chip 121 may be 
mounted on the common lead 162 through a sub- 
mount. In a manner similar to Fig. 23, while the axial 
bar of the common lead is made straight, i.e., without 5 
the common lead being bent to provide the axial bar. 

Fig. 34 illustrates in a perspective view the sem- 
iconductor laser device according to a twentieth pre- 
ferred embodiment of the present invention. A protec- 
tive casing 171 employed in this embodiment is of a io 
shape corresponding to a generally cylindrical barrel 
having one end closed, but having a portion cut along 
a line parallel to the longitudinal axis thereof. More 
specifically, the protective casing 171 includes a U 
shaped body and an end wall 171a and is integrally is 
molded together with leads 172. 173 and 174. These 
leads 172. 173 and 174 are formed so as to protrude 
outwardly from opposite surfaces of the end wall 
171a in a direction perpendicular to such end wall 
171a. The semiconductor laser chip 121 is mounted 20 
on a tip of the lead 172 situated within the body of the 
protective casing 171 while the monitor photodiode 
chip 122 is mounted on the lead 1 72 at a location ax- 
ially inwardly of the semiconductor laser chip 121 in 
an inclined fashion to allow the light receiving surface 2S 
thereof to confront the semiconductor laser chip 121 . 

The semiconductor laser chip 121 is electrically 
connected with the lead 173 by means of a wire 175 
white the monitor photodiode chip 122 is electrically 
connected with the lead 1 74 through a wire 1 76. The 30 
twentieth embodiment of the present invention is par- 
ticularly advantageous in that, since a lateral portion 
of the protective casing 171 on one side of the semi- 
conductor laser chip 121 and facing a plane in which 
the leads 1 72, 1 73 and 1 74 are disposed is axially cut 35 
away, die-bonding and wire-bonding can be efficient- 
ly effected to the leads 172, 173 and 174 with a high 
workability. 

Fig. 35 illustrates in a side sectional view the 
semiconductor laser device according to a twenty- 40 
first preferred embodiment of the present invention. 
A protective casing 181 shown therein Is in the form 
of a generally cylindrical protective casing having its 
opposite ends closed by respective end walls. This 
cylindrical protective casing 181 is separable into up- 4S 
per and lower casing components 182 and 183 as is 
the case with the cylindrical protective casing shown 
in Figs. 19 to 22. A tip of a lead 184 securely sand- 
wiched between respective end walls 182a and 182b 
of the upper and lower casing components 182 and so 
183 carries the semiconductor laser chip 121 mount- 
ed thereon, and the monitor photodiode chip 122 is 
also mounted on the lead 184 at a location adjacent 
to and axially inwardly from the semiconductor laser 
chip 121 in an inclined fashion to permit the light re- ss 
ceiving surface of the monitor photodiode chip 122 to 
confront the semiconductor laser chip 121. 

An intermediate portion of the joint between end 



walls 182b and 183b of the upper and lower casing 
components 1 82 and 183. that Is, a central portion of 
one of the opposite end walls of the cylindrical protec- 
tive casing 181 adjacentthe semiconductor laser chip 
121, is formed with a through-hole 182c for the pas- 
sage of the laser beam from the semiconductor laser 
chip 121 outwardly of the cylindrical protective casing 
181. Thus, other than a portion confronting the out- 
wardly oriented beam emitting end face of the semi- 
conductor laser chip 121. the cylindrical protective 
casing 181 completely encloses the component parts 
to minimize any possible influence brought about by 
external light. 

Also, in the twenty-first embodiment shown in 
Fig. 35, an entire inner surface of the cylindricai pro- 
tective casing 1 81 is coated with a light absorbing lay- 
er 186 so that a portion of the laser beam emitted 
from the inwardly oriented beam emitting end face of 
the semiconductor laser chip 121 nd/or external light 
entering interiorly through the through-hole 182c can 
be absorbed by the light absorbing layer 186. 

According to the embodiment shown in Fig. 35, 
the intensity of the laser beam emitted from the out- 
wardly oriented beam emitting end face of the semi- 
conductor laser chip 121 can be controlled accurate- 
ly. Also, even when the laser beam emitted from the 
inwardly oriented beam emitting end face of the sem- 
iconductor laser chip 121 is reflected by the surface 
of the monitor photodiode chip 122, the reflected 
beam can be absorbed by the light absorbing layer 
186 and. therefore, any possible emission of the re- 
flected beam out of the protective casing 181 can be 
avoided. Accordingly, no ripple occur in a far field pat- 
tern of the emitted laser beam. 

Figs. 36 and 37 illustrate, in perspective and side 
views, respectively, the semiconductor laser device 
according to a twenty-second preferred embodiment 
of the present invention. A protective casing 191 em- 
ployed in this embodiment is of a generally U-shaped 
configuration integrally molded with the leads 192, 

193 and 194. The semiconductor laser chip 121 is 
mounted on a tip of the lead 192 through a sut>-mount 
1 34 while the monitor photodiode chip 1 22 is mounted 
on the lead 192 at a position inwardly of the semicon- 
ductor laser chip 121. 

Respective end faces of the leads 192, 193 and 

194 encompassed within the U-shaped protecth^e 
casing 191 are formed with reference faces 192a, 
193a and 194a lying on the same plane, and the sem- 
iconductor laser chip 121 is so mounted on the lead 

192 with its' outwardly oriented beam emitting end 
face 121b in flush with anyone of the reference faces 
192a. 193a and 194a. 

The provision of the reference faces 192a, 193a 
and 1 94a at the respective end faces of the leads 1 92, 

193 and 194 is effective to improve the accuracy with 
which the semiconductor laser device of the present 
invention is fitted to an external system. Also, the fbr- 
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mation of the protective casing 191 so as to have a 
generally U-shaped cross-section is effective to pre- 
serve a balance among the attachment of the semi- 
conductor laser chip 121 and others, the attachment 
of the semiconductor laser device to the external sys- 5 
iem and the productivity of the semiconductor laser 
chip 121. 

Figs. 38 and 39 illustrate, in perspective and side 
views, respectively, the semiconductor laser device 
according to a twenty-third preferred emtxtdiment of io 
the present invention. A protective casing 195 em- 
ployed in this embodiment is of a generally U-shaped 
configuration including a generally rectangular base 

1 96 and a pair of side walls 1 97 and 1 97 perpendicu- 
lar to the base 196. The base 196 has an inner sur- is 
face 196a formed with a printed pattern of a lead 198 

and a plurality of leads 199 by the use of a circuit print- 
ing technique. The lead 198 has a tip on which the 
semiconductor laser chip 121 is mounted through the 
sub-mound 122 and the monitor photodiode chip 122 20 
is also mounted thereon at a location inwardly of the 
semiconductor laser chip 121. A detector photodiode 
chip 100 adapted to detect a light signal delivered by 
the laser beam from the semiconductor laser chip 21 
and subsequently reflected Is mounted on a side face 2S 
196b of the base 196. 

The generally U-shaped protective casing 195 
employed in this embodiment also has reference 
faces defined by respective end faces 197a and 1 97a 
of the side walls 197 and 1 97 adjacent the side face 30 
196b where the detector photodiode chip 100 is 
mounted, but positioned at a level protruding a slight 
distance outwardly from the plane in which the side 
face 196b lies. 

As best shown in Fig. 39, a holographic glass 35 
plate 101 is secured to the reference faces 197a and 
197a of the protective casing 195 to provide a holo- 
gram laser unit. It is to be noted that the reference 
faces 1 97a and 197a may be defined by the opposite 
end faces 197b and 197b of the side walls 197 and 40 

1 97 remote from the side face 1 96b where the detec- 
tor photodiode chip 100 is mounted. 

Fig. 40 illustrates the semiconductor laser device 
according to a twenty-fourth preferred embodiment 
of the present invention. This embodiment relates to 45 
an improvement made in the protective casing 131 
shown In Figs. 19 to 22 and, more particularly, to the 
arrangement in which a protective casing 110 is held 
even by respective tips of leads 113. 114 and 115 of 
a lead frame 112. so 

The protective casing 110 employed in the enrv 
bodlment of Fig. 24 Is separable Into an upper casing 
component 111 and a lower casing component as Is 
the case with the protective casing 131 shown in Figs. 
19 to 22. and the upper casing component 111 is fixed 55 
in position by causing a bottom portion lllaof the up- 
per casing component 111 and a bottom portion of the 
lower casing component to hold the leads 113, 114 



and 1 1 5. It Is to be noted that In Fig. 40 only the upper 
casing component 111 is shown in section. 

The semiconductor laser chip 121 is mounted on 
a chip mount 116 defined on the lead 113 while the 
monitor photodiode chip 122 is mounted on the lead 
113 at a position inwanJIy of the chip mount 116. 

Also, according to the twenty-fourth embodiment 
of the present invention, a lid 111b having a hole 111c 
defined therein is Integrally formed with the protec- 
tive casing 110 at a location opposite to the bottom 
portion 111a. This lid 111b has a substantial thick- 
ness, and respective tip portions 114a and 115b of 
the leads 114 and 115 and opposite sides 116a and 
116a of the chip mount 116 on the lead 112 are se- 
curely sandwiched between mating faces of the lid 
1 1 1 b of the upper casing component 111 and a si ml lar 
lid (not shown in Fig. 40) of the lower casing compo- 
nent when the upper and lower casing components 
are joined together to provide the complete protective 
casing 110. In this way, by means of the lid 111 band 
the bottom portion 111a the protective casing 110 is 
secured to the leads 113, 114 and 115. Accordingly, 
according to this embodiment shown in Fig. 40. the 
fixing of the hollow protective casing llOcan bemade 
securely. 

Where the semiconductor laser device according 
to any one of the foregoing embodiments is used as 
a light source in the optical disc recording and/or re- 
producing system, and when all of the semiconductor 
laser chip, the monitor photodiode chip and the wires 
are to be encased by the resin layer, it is preferred that 
that portion of the resin layer aligned with the out- 
wardly oriented beam emitting end face of the semi- 
conductor laser chip has a resin thickness of not 
greater than 500^m and. at the same time, lies par- 
allel to the outwardly oriented beam emitting end face 
of the semiconductor laser chip. This is because, 
when the semiconductor laser device is to be used as 
the light source in the optical disc recording and/or re- 
producing system, any possible deviation of the opt- 
ical axis due to the presence of the resin layer cover- 
ing the outwardly oriented beam emitting end face 
and any possible multiplex reflection of light between 
the outwardly oriented beam emitting end face and 
the surface of the resin layer may bring about prob- 
lems. 

Fig. 11 illustrate a laser emission characteristic 
exhibited by the semiconductor laser device which 
the outwardly oriented beam emitting end face of the 
laser diode chip is covered by the resin layer lying par- 
allel thereto and having a resin thickness not greater 
than SOO^m. As can be seen from the laser emission 
characteristic shown In Fig. 11, since the outwardly 
oriented beam emitting end face of the semiconduc- 
tor laser chip is covered by the resin layer of SOO^m 
in resin thickness and made of a single synthetic res- 
in, both of a curve e|| representing a pattern of distrib- 
ution of the laser beam in a horizontal direction rela- 
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tlve to an active layer In which a laser oscillation takes 
place and a curve Q± representing that In a vertical 
direction relative to the active layer exhibits a single 
peak. 

Also, since that portion of the resin layer aligned 
with the outwardly oriented beam emitting end face of 
the semiconductor laser chip lies parallel to such out- 
wardly oriented beam emitting end face, both of the 
curves shown in the graph of Fig. 11 exhibit no devia- 
tion of the optical axis. 

Thus, according to any one of the foregoing em- 
bodiments, the present invention has nnade it possi- 
ble to provide the semiconductor laser device which 
can be effectively used as a light source in an optical 
disc recording and/or reproducing system to the best 
advantage. 

It is to be noted that, in the practice of any one of 
the foregoing embodiments of the present invention, 
the resin thickness of the resin layer suffices to be not 
greater than 500^m. Even when the resin thickness 
is chosen to be 400, 300, 200 or lOO^m, the resultant 
semiconductor laser device can exhibit satisfactory 
characteristics. However, if the resin thickness is too 
small, corrosion may occur at the outwardly oriented 
beam emitting end face of the semiconductor laser 
chip under the influence of ambient humidity and this 
may lead to a considerable variation in electric oper- 
ating current of the laser device and. therefore, the 
minimum allowable resin thickness is preferably 
10^lm. 

From the foregoing description, it has now be- 
come clear that, according to one aspect of the pres- 
ent Invention, since the protective casing fitted inte- 
grally to the stem where the semiconductor laser chip 
and the monitor photodiode chip are mounted and 
covered by the resin layer encloses to protect at least 
the semiconductor laser chip, the monitor photodiode 
chip, the first wire electrically connected with the 
semiconductor laser chip and the second wire electri- 
cally connected with the monitor photodiode chip, the 
semiconductor laser chip, the monitor photodiode 
chip and the wires can b e effecth^ely protected from 
external forces accordingly, the handling of the sem- 
iconductor laser device as well as the manufacturing 
process becomes easy. 

Also, according to another aspect of the present 
invention, since the stem is constituted by one of 
leads of a lead frame and the protective casing Is em- 
ployed In the form of a generally cylindrical casing 
closed at one end thereof with the lead extending 
through the end wall of the cylindrical casing, the 
semiconductor laser chip and the monitor photodiode 
chip enclosed within the cylindrical casing can be 
formed on the lead frame, rendering the process of 
making the semiconductor laser device to be simpli- 
fied and, at the same time, making it possible to man- 
ufacture the semiconductor laser device in a compact 
size at a reduced cost. 
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Again, according to a further aspect of the pres- 
ent invention, the stem, a first conductor and a sec- 
ond conductor are constituted by respective leads of 
the lead frame, and the protective casing is employed 

5 in the form of a generally cylindrical casing closed at 
one end having an inner peripheral surface formed 
with circumferentialiy spaced grooves such that out- 
ermost two of the leads can be received in the respec- 
tive grooves to secure the leads integrally to the pro- 

10 tective casing. Therefore, when the protective casing 
is to be mounted around the leads, it can readily be 
accomplished by utilizing the grooves as guides 
along which the leads are guided during the insertion 
of the leads into the protective casing. According to 

16 the present invention, therefore, by utilizing the pro- 
tective casings connected together by means of con- 
necting bars to provide a frame of protective casings, 
the protective casings so framed can easily be 
mounted around a plurality of sets of the leads, there- 
to by increasing the productivity. 

Furthermore, according to a yet aspect of the 
present invention, the protective casing is of a sealed 
structure except for a hole defined therein for the 
passage of the laser beam emitted from the outward- 

25 ly oriented beam emitting end face of the semicon- 
ductor laser chip and has its interior surface coated 
with the light absorbing layer. Accordingly, not only 
can external light entering into the protective casing 
be effectively shielded, but portion of the laser beam 

30 which has failed to exit out of the protective casing 
and a slight amount of light intruding through the hole 
can be absorbed by the light absorbing layer. There- 
fore, not only can the handling be easy, but any pos- 
sible influence brought about by the external light can 

35 be minimized to accomplish an accurate control of the 
intensity of the laser beam emitted from the semicon- 
ductor laser chip to the outside of the protective cas- 
ing. 

In addition, the use of the optical member at a 

40 portion of the protective casing where the laser beam 
emitted from the semiconductor laser chip passes to- 
wards the outside of the protective casing makes it 
possible not only to be easy in handling, but also to 
enable the laser beam to be taken out according to 

45 characterist ics of the optical member. 

Yet, the protective casing is provided with refer- 
ence faces which define a reference plane utilized at 
the time the stem carrying the semiconductor laser 
chip mounted thereon is to be installed in a different 

so equipments. Therefore, the semiconductor laser de- 
vice according to the present Invention can easily be 
Installed in the external equipments. At this time, the 
reference plane defined In the protective casing pro- 
vides a reference position at which the stem should 

55 be positioned relative to the equipment. Accordingly, 
not only can the handling be easy, but also the posH 
t ion in the equipment on which the laser beam emitted 
from the semiconductor laser chip can impinge can 

17 
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be accurately defined. 

Referring now to Fig. 41 showing a twenty^f Ifth 
preferred embodiment of the present Invention, refer- 
ence numeral 201 represents a stem base; reference 
numeral 202 represents a stem fixedly mounted on 
the base 201; reference numeral 203 represents a 
semiconductor laser chip mounted on a side face 
202a of the stem 202; reference numeral 204 repre- 
sents a monitor photodiode chip mounted on the side 
face 202a of the stem 202; and reference numeral 205 
represents a detector photodiode mounted on a top 
face 202b of the stem 202. 

The semiconductor laser chip 203 and a portion 
of the side face 202a of the stem 202 around the sem- 
iconductor laser chip 203 are covered by a transpar- 
ent resin layer 211 which may be made of, for exam- 
ple, silicone. Surface areas of the transparent resin 
layer 211 which confronts the monitor photodiode 
chip 204 and faces in a direction opposite to the mon- 
itor photodiode chip 204, respectively, are rendered 
to be parallel to each other since, if these surface 
areas fails to be parallel to each other, the optical axis 
may deviate under the influence of a lens effect. Por- 
tions of the resin layer 211 aligned with the parallel 
surface areas have a thickness not greater than 
500^m. If the resin thickness of each of those por- 
tions of the resin layer 211 is too excessive, the beam 
emission characteristic may be disturbed by the ef- 
fect of a multiplex reflection of light between the 
beam emitting end face of the semiconductor laser 
chip 203 and the surface of the transparent resin lay- 
er 211 to such an extent that the semiconductor laser 
device can no longer useable as a light source in the 
optical disc recording and/or reproducing system. 
Hereinafter, one example of the laser emission char- 
acteristic exhibited by the semiconductor laser device 
which the beam emitting end face of the laser diode 
chip is covered by the resin layer lying parallel thereto 
and having a resin thickness not greater than SOOi^m 
will be discussed. 

As can be understood from Fig. 11, since the 
beam emitting end face of the semiconductor laser 
chip 203 is covered by the resin layer of 500|im in res- 
in thickness and made of a single synthetic resin, both 
of a curve e|| representing a pattern of distribution of 
the laser beam in a horizontal direction relative to an 
active layer in which a laser oscillation takes place 
and a curve 01 representing that In a vertical direc- 
tion relative to the active layer exhibits a single peak. 

Also, since that portion of the resin layer aligned 
with the outwardly oriented beam emitting end face of 
the semiconductor laser chip lies parallel to such out- 
wardly oriented beam emitting end face, both of the 
curves shown in the graph of Fig. 11 exhibit no devia- 
tion of the optical axis. 

In other words, according to the structure shown 
in Fig. 41, It Is possible to provide the semiconductor 
laser device which can be effectively used as a light 



source In an optical disc recording and/or reproducing 
system to the best advantage. 

It is to be noted that, in the practice of the present 
invention, the resin thickness of the resin layer suff ic- 
5 es to be not greater than 500^m. Even when the resin 
thickness is chosen to be 400, 300, 200 or lOOfim, the 
resultant semiconductor laser device can exhibit sat- 
isfactory characteristics. However, if the resin thick- 
ness is too small, corrosion may occur at the outward- 
10 ly oriented beam emitting end face of the semicon- 
ductor laser chip under the influence of ambient hu- 
midity and this may lead to a considerable variation 
in electric operating current of the laser device and, 
therefore, the minimum allowable resin thickness is 
16 preferably 10^m. 

A cap 206 made of plastics is mounted fixedly on 
the base 201 so as to enclose all of the stem 202, the 
semiconductor laser chip 203 and the photodiode 
chips 204 and 205. This plastics cap 206 has an end 
20 wall formed with a hole 206a in alignment with the 
step 202. and a glass block 207 is f bcedly mounted on 
the end wall of the cap 206 so as to cover the hole 
206a. A portion of the glass block 207 opposite to the 
hole 206a is formed with a hologram 207a. The plas- 
25 tics cap 206 merely serves to provide a support for 
the glass block 207 and no windowpane is needed. 

The semiconductor laser device of the above de- 
scribed construction operates in the following man- 
ner. The semiconductor laser chip 203 emits a first 
30 laser beams towards the monitor photodiode chip 204 
and, also, a second laser beam towards the glass 
block 207. Based on the electric current proportional 
to the amount of light received by the monitor photo- 
diode chip 204, the intensity of the first laser beam 
35 emitted from the semiconductor laser chip 203 is con- 
trolled to a predetermined value. The intensity of the 
second laser beam emitted from the semiconductor 
laser chip 203 is substantially proportional to that of 
the first laser beam and is therefore controlled Indir- 
40 ectly by controlling the intensity of the first laser 
beam. On the other hand, the second laser beam 
emitted from the semiconductor laser chip 203 
emerges outwardly of the cap 206 passes through the 
glass block 207 towards an optical disc (not shown) 
45 and is subsequently reflected from the optical disc so 
as to be Incident on the hologram 207a. The reflected 
laser beam incident on the hologram 207a is diffract- 
ed and some of the diffracted beams pass through 
the glass block 207 and are subsequently detected by 
50 the detector photodiode chip 205. In this way, by con- 
trolling the intensity of the first laser beam to keep the 
Intensity of the second laser beam at a predetermined 
value and also by projecting the second laser beam 
onto the optical disc so that the laser beam reflected 
55 from the optical disc can be detected by the detector 
photodiode chip 205, a signal indicative of informa- 
tion recorded on the optical disc can be obteined. In 
this way, the semiconductor laser device of a plastics 
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package type having a signal detecting capability is 
realized. 

As hereinabove described, in the twenty-fifth 
embodiment of the present invention, since the sem- 
iconductor laser chip 203 is covered by the transpar- 
ent resin layer 211 made of silicone to hermetically 
seal the semiconductor laser chip 203, a condition of 
the beam emitting end face of the semiconductor las- 
er chip 203 will not change under the Influence of hu- 
midity, thereby avoiding any possibility of deteriora- 
tion of the semiconductor laser chip 203. Accordingly, 
the need to use the expensive inert gas and the ex- 
pensive metal cap such as required In the prior art de- 
vices is advantageously eliminated and. therefore, no 
complicated assemblage including the filling of the in- 
ert gas and fitting of a windowpane to the metal cap 
Is required. In view of this, the semiconductor laser 
device inexpensive as compared with the prior art de- 
vices and having an increased environmental stability 
can be realized. 

Also, since the transparent resin layer 211 made 
of silicone and covering the semiconductor laser chip 
203 has a heat resistance, there is no possibility that 
the transparent resin layer 211 may be colored and/or 
deformed under the influence of heat evolved by the 
semiconductor laser chip 203 and the ambient tem- 
perature. 

Fig. 42 illustrates a twenty-sixth preferred em- 
bodiment of the present invention. In view of the sim- 
ilarity between the twenty-fifth and twenty-sixth em- 
bodiments of the present invention, parts shown in 
Fig. 41 , but similar to those shown in Fig. 42 are des- 
ignated by like reference numerals used in Fig. 41. 

In the embodiment shown in Fig. 42, different 
transparent resin layers generally identified by 214 
and both made of silicone resin are employed to cover 
the semiconductor laser chip 203, the monitor photo- 
diode chip 204 and the detector photodiode chip 205, 
respectively. It is however pointed out that not only 
the surface areas of the transparent resin layer 214 
covering the semiconductor laser chip 203, which 
confronts the monitor photodiode chip 204 and faces 
in a direction opposite to the monitor photodiode chip 
204, respectively, are rendered to be parallel to each 
other while, at the same time, those portions of the 
resin layer 214 on the semiconductor laser chip 203 
which are aligned with the respective parallel surface 
areas have a thickness not greater than SOOfim. Ac- 
cordingly; any possible deterioration in characteristic 
of each of the semiconductor laser chip 203, the mon- 
itor photodiode chip 204 and the detector photodiode 
chip 205 under the influence of external humidity can 
be avoided. 

It is to be noted that, although in the embodi- 
ments shown in Figs. 41 and 42, respectively, the 
plastics cap 206 has been employed, a metal or cer- 
amics cap may be employed in place of the plastics 
cap. 
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it is also to be noted that, although In the embodi- 
ments shown in Figs. 41 and 42, respectively, a conv 
bination of the stem base 201 and the stem 202 has 
been used to mount the semiconductor laser chip 
5 203, this combination may be replaced with the lead 
frame or a printed circuit board. In such case, no job 
of fitting the leads to the stem base and of f being the 
stem is required and, hence, the productivity can be 
increased. 

10 As hereinabove described, even in the twenty- 

sbcth embodiment of the present invention, since the 
semiconductor laser chip 203 is covered by the trans- 
parent resin layer 214 made of silicone to hermetical- 
ly seal the semiconductor laser chip 203, a condition 

16 of the beam emitting end face of the semiconductor 
laser chip 203 will not change under the influence of 
humidity, thereby avoiding any possibility of deterior- 
ation of the semiconductor laser chip 203. According- 
ly, the need to use the expensive inert gas and the ex- 

20 pensive metal cap such as required in the prior art de- 
vices is advantageously eliminated and, therefore, no 
complicated assemblage including the filling of the in- 
ert gas and f itting of a windowpane to the metal cap 
is required. In view of this, the semiconductor laser 

25 device inexpensive as compared with the prior art de- 
vices and having an increased environmental stability 
can be realized. 

Although the present invention has been descri- 
bed in connection with the preferred embodiments 

30 thereof with reference to the accompanying drawings, 
it is to be noted that various changes and modifica- 
tions are apparent to those skilled in the art. By way 
of example, while the transparent resin used in the 
practice of the present invention has been described 

35 as made of silicone resin, any one of epoxy resin, 
polyimide resin, fluorine resin or UV-curable resin 
may be employed therefor. 

Such changes and modifications are to be under- 
stood as included within the scope of the present in- 

40 vention as defined by the appended claims, unless 
they depart therefrom. 



Claims 

4S 

1. A semiconductor laser device including a base, a 
semiconductor laser chip and a resin layer en- 
closing the laser chip, said resin layer t>elng made 
of a single synthetic resin and covering an out- 

50 wardly oriented beam emitting end face of the 
laser chip, said resin layer having a thickness not 
greater than SOO^m and having a surface sut>- 
stantially parallel to the outwardly oriented beam 
emitting end face of the laser chip. 

55 

2. The semiconductor laser device as claimed in 
Claim 1 , wherein said base is a stem, and further 
comprising a monitor photodiode chip mounted 

19 
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on the stem at a position inwardly of tlie laser 
chip. 

3. The semiconductor laser device as claimed in 
Claim 1, wherein said base is a lead frame and 5 
said laser chip is mounted on one of leads of the 
lead frame through a sut)-mount, and further 
comprising a monitor photodiode mounted on 
said one of the leads at a position Inwardly of the 
laser chip, a direction in which a light receiving io 
surface of the monitor photodiode extends being 
substantially perpendicular to an inwardly orient- 
ed beam emitting end face of the laser chip. 

4. The semiconductor laser device as claimed in is 
Claim 1 , wherein said base is a lead frame, a por> 

tion of one of leads of the lead frame which is 
positioned inwardly of the laser chip is inclined so 
as to confront an Inwardly oriented beam emitting 
end face of the laser ch Ip , and further comprising 20 
Si monitor photodiode mounted In said Inclined 
portion of said one of the leads of the lead frame. 

5. The semiconductor laser device as claimed In 
Claim 1 . wherein said base is a lead frame, a por- 25 
tlon of one of leads of the lead frame which is 
positioned inwardly of the laser chip being in- 
wardly recessed, and further comprising a mon- 
itor photodiode mounted In said recessed portion 

in said one of the leads of the lead frame, a direc- 30 
tion in which a light receiving surface of the mon- 
itor photodiode extends being substantially per- 
pendicular to an inwardly oriented beam emitting 
end face of the laser chip. 

35 

6. A semiconductor laser device including a base, a 
semiconductor laser chip arid a resin layer en- 
closing the laser chip, a mount face where the las- 
er chip Is mounted being defined at a level higher 
than that of a light receiving surface of a monitor 40 
photodiode for receiving a laser beam emitted 
from a rear face of the laser diode chip, both of 
said laser diode chip and monitor photodiode be- 
ing mounted on said base so that said light receiv- 
ing surface and a direction of emission of the las- 4S 
er beam from a rear beam emitting end face of 

the laser diode chip lie substantially perpendicu- 
lar to each other, 



The semiconductor laser device as claimed in 
Claim 6, wherein a reference index is provided on 
the base for die-bonding the laser diode chip at a 
predetermined position. 

The semiconductor laser device as claimed in 
Claim 6 or Claim 7, wherein the resin layer en- 
closing the laser diode chip has a resin thickness 
not smaller than lO^m. 
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9. A semiconductor laser device comprising a base; 
a semiconductor laser chip mounted on the base; 
a resin layer enclosing the laser chip; a monitor 
photodiode chip mounted on the base and adapt- 
ed to receive a laser beam emitted from the laser 
chip; a first wire for electrically connecting the 
laser chip with a first conductor and a second 
wire for electrically connecting the photodiode 
chip with a second conductor; and a protective 
member integrally fitted to the base so as to en- 
close at least the laser chip, the photodiode chip 
and both of the first and second wires to thereby 
protect them from external forces. 

10. The semiconductor laser device as claimed in 
Claim 9, wherein said base is one of leads of a 
lead frame and said protective member is a gen- 
erally cylindrical casing closed at one end by an 
end wall, said leads of the lead frame extending 
through the end wall of the casing. 

11. The semiconductor laser device as claimed in 
Claim 9, wherein said base, said first conductor 
and said second conductor are constituted by the 
leads of the lead frame, respectively, and where- 
in said protective member is a generally cylindri- 
cal casing closed at one end by an end wall and 
having an Inner peripheral surface formed with at 
least two grooves extending axially thereof, said 
protective member being integrally fitted to the 
leads with outermost two of the leads being re- 
ceived within the respective grooves. 

12. The semiconductor laser device as claimed in 
any one of Claims 9 to 11 , wherein said protective 
member is of a closed structure having an aper- 
ture defined therein for passage therethrough of 
a laser beam emitted from the laser chip so as to 
travel outwardly of the protective member, said 
protective member having an Interior surface 
coated with a light absorbing layer. 

13. The semiconductor laser device as claimed in 
anyoneof Qaims 9to 12, wherein said protective 
member includes an optical member positioned 
on a path of travel of a laser beam emitted from 
the laser chip so as to travel outwardly of the pro- 
tective member. 

14. The semiconductor laser device as claimed in 
any one of Claims 9 to 13, wherein said protective 
member has a reference f^ce defined therein for 
determination of a reference position referred to 
when the base having the laser chip mounted 
thereon is to be installed in an external equip- 
ment 

15. A semiconductor laser device which comprises a 
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semiconductor laser chip; a monitor photodiode 
chip adapted to receive a laser beam emitted 
from the laser chip; a detector photodiode for de- 
tecting a reflected beam of the laser chip; a ho- 
logram for guiding the reflected beam so as to be s 
incident upon the detector photodiode chip; and 
a transparent resin layer enclosing at least the 
laser chip among the laser chip, the monitor pho- 
todiode and the detector photodiode. 

10 

16. A semiconductor laser device which comprises a 
stem; a semiconductor laser chip mounted on the 
stem; a monitor photodiode chip mounted on the 
stem and adapted to receive a laser beam emit- 
ted from the laser chip; a cap mounted on the is 
stem so as to enclose the laser chip and the pho- 
todiode chip; and a hologram mounted on the cap 
for guiding a reflected beam of the laser chip. 

20 



2S 



30 



3$ 



40 



45 



so 



55 



21 

.0607700A2_r_> 




Fig. 4 



21 y 25 

26 < 



-27 



24 

-7^ 



22 



4S0OCID: <EP_0e07700A2_L> 



EP 0 607 700 A2 
• • • 




■OOCID: <EP_Oe07700A2_L> 



EP 0 607 700 A2 




4SOOCID: <EP_0607700A2J_> 



EP 0 607 700 A2 

» • • • 




Angle (degree) 



OOCIO: <EP_0607700A?.I_> 



EP0 607 700 A2 




Fig. t4 28 




26 



>_0607700A2J_> 



EP 0 607 700 A2 

m 4 ■ • » 




Fig. f6 



81 78 81 



81 




27 



EP 0 607 700 A2 



Fig. 17 



Resin Thick.(AJm ) 


i^eicrioraTion 
Time 


0.1 


50 


1 


1 00 


3 


2 50 


7 


1 OOO 


1 0 


Not Deteriorated 


20 


Not Deteriorated 


30 


Not Deteriorated 



Fig. le 



40 



Alop 
(%) 



20 - 



-20 





• 




• 


u • • • • < 


• 




[ Resin Thickness: 




0.1>jnn 




Atmosphere : 




65^C & 95% 







50 



Time (hr) 



28 



EP 0 607 700 A2 




EP 0 607 700 A2 



Fig. 21 




30 



"ISOOCID; <EP_0807700A2_L> 



BP 0 607 700 A2 



F/g. 23 



132 

'2' ,2la ^ 



134--- 
125^- 



/122a ^ 



132a 



131 



133 



'133a 



124 



\////////////. 

132 

•2l,2,a 

f-^ 135a 135 J 



132a 
— 131 




31 



•OOCID: <eP_0607700A2.L> 



EP0 607 700 A2 
« • • • • 



Fig. 25 




121 



I2la '?2a 

122 



1370 
—136 




138 



Fig. 26 

1430 



141 b 




32 



EP 0 607 700 A2 



145 132 

^zzzzzzzAa 



Fig. 27 



^N|2lb 



146 ^ / 121 122 



153- 



131 



124 

-J. 



133 



131 

/ 



Fig. 26 



147 



^ 121 122 




t 



125 



1 



124 



133 




OCXJID: <EP_0607700A2_I_> 



EP 0 607 700 A2 



1 



Fig. 30(a) 




34 



4SDOCID: <EP 0607700A2J_> 



EP 0 607 700 A2 

Fig. 30(e) 



158 158 158 158 




X)OCIO: <EP_0607700A2_L> 



EP 0 607 700 A2 




Fig. 35 





183 



4S0OCI0: <EP_0607700A2_I_> 



EP 0 607 700 A2 



Fig. 36 




i93a 192a 194a 



Fig. 37 




197a 



37 



OOCIO: <EP_0607700Ai.L> 



EP 0 607 700 A2 



Fig. 39 




100 196 




4SOCX2ID; <EP_0607700A2J_> 



EP 0 607 700 A2 



Fig. 42 



207a 




20^ 



203 



204 

f=^ig. 43 Prior Art 

369 3720 365 
373 



Zl 



201 



214 




370 ! 367 362 
369b 




BP 0 607 700 A2 



F/g, 45 Prior Art 




Angle ( degree ) 



Fig. 46 Prior Art 




Angle (degrss ) 



40 



EP 0 607 700 A2 



Fig, 47 Prior Art 



309 




Fig- 50 Prior Art 

327a 



325 
322o 




322 324 321 



Fig. 46 Prior Art 

3U A. 31 1 31 1 

!C) ^20 ' J^ 320 J/^ JI9 



32( 



317- 
314 



312 
3)8 



317 



312 



317 

-316 

i:i^i4U 



318 

316 

-314 



313 



F/j'. -^S Prior Art 
31 1 315 312 




OCJCID: <EP_060770GA2J_> 



